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SUMMARY 
D URING the years 1946 to 1949 studies were conducted on both winter and summer ranges of Utah to determine the botanical 
and nutritive composition of the foraging sheep's diet in an eHort 
to evaluate the factors aHecting the diet and predict nutritional 
deficiencies. 
The method for determining the nutritive content of the 
sheep's diet under range conditions is a new approach to this 
problem. Each plant species was sampled both before and after 
grazing and each sample was weighed and chemically analyzed. 
The difference in weight and chemical composition between the 
before-grazing sample and the after-grazing sample served as a 
measure of the nutrient content of the ingested forage. 
The winter ranges are characterized by broad desert basins 
and foothills of low mountain chains, and include both saltbush-
grass and sagebrush-grass types of vegetation. The main vegeta-
tion types found on mountainous summer ranges are aspen, which 
occupies the less exposed north and east slopes, and sagebrush, 
which occupies the more exposed south and west slopes and 
ridges. 
The saltbush-grass types of the desert ranges produced an aver-
age of 414 pounds of moisture-free forage per acre of which 70.5 
percent was browse, 28.5 percent grass, and 1.0 percent forbs. 
Whereas, sagebrush-grass types produced 470 pounds of moisture-
free forage per acre, averaging 95 percent browse and only 5 per-
cent grass. The summer ranges produced 1723 pounds of forage 
composed of 71.4 percent grass, 14.6 percent browse, and 14.0 
percent forbs. 
Browse and grasses received about the same percent utilization 
on winter ranges, 24.4 percent and 23.7 percent, respectively. How-
ever, on summer ranges browse received 39.9 percent utilization 
compared to grasses which received only 11.7 percent. Forbs re-
ceived about the same degree of use as browse. The leaves of 
summer range plants were. preferred to stems in all forage classes 
throughout the grazing season. 
During the winter grazing seasons, the amount of each forage 
class (grass and browse) in the diet of the grazing sheep was in 
proportion to the amount of each class available on the range. 
However, this relationship was not generally true for individual 
species. The preference for individual species on summer ranges 
was decidedly pronounced and shows that abundant species may 
not be important in the diet unless they are readily eaten by the 
animals. 
The chemical content of forage .plaI).ts on winter ranges changed 
little during the grazing season, whereas, on summer ranges, sea-
sonal changes in chemical content were ! greater than differences 
between . species. Seasonal changes were "':iffected by both ' the 
changes in the stem-leaf ratio and actual changes in the composi-
tion within each plant ' part. Protein and ph6sphorus generally de-
cre~sed in all forage 'classes, whereas, crude fiber, lignin, cellulose, 
and other carbohydrates increased. Browse showed the least 
seasonal Ructuation and grass the greatest. 
The nutritional value of forage was considered higher on 
summer than on' winter ranges. Browse on both summer and 
winter ranges was higher , in protein, calcium, phosphorus, and 
lignin than grasses which were higher in crude fiber, and cellu-
lose. Generally this same relationship was true for both the stems 
and leaves of the respective forage classes. Forbs were not gener-
ally present on winter ranges but were abundant on summer 'ranges 
and were comparable to browse in nutritive content. 
Stems in all cases were higher in crude fiber, lignin, and 
cellulose, whereas, leaves were generally higher in ether extract, 
protein, calcium, phosphorus, and other carbohydrates. 
Animal preference for certain types of forage was an important 
factor affecting the nutrient content of the diet. An increased 
consumption of grass reduced protein and phosphorus in the diet 
but increased constituents having a high energy value. This indi-
cates that a diversified plant cover would be more desirable than 
a single forage class. 
The nutritive content of the diet and apparent digestibility 
values for saltbush winter ranges indicate that sheep, during the 
winter grazing season, would benefit from protein, phosphorus, and 
energy supplements. 
The results from supplementary feeding trials on the range con-
firm that animals do benefit from supplements to correct these 
forage deficiencies. Supplements of phosphorus and protein in 
combination or singly increased the wool yield and lamb crop. 
Supplements. composed primarily of energy gave less favorable 
results in most cases. All supplements ypaintained animal weights 
better throughout the winter compared to no supplements. 
The chemical content of the foraging sheep's diet on winter 
ranges showed that sagebrush ranges were superior. to saltbush 
ranges. Sagebrush areas appeared to furnish adequate nutrient~ 
thro~hout the winter grazing season provided adequate amounts 
were eaten. ' 
The average chemical composition of the foraging sheep's diet 
on summer ranges indicated a satisfactory nutrient content with 
possible exception of late fall. However, even in the fall , the diet 
had no· obvious deficiencies. 
The nutritional composition of the diet and amount of forage 
actually consumed are dependent upon the mass effect of many 
factors which may influence animal behavior and nutritive value 
of the forage. 
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THE NUTRITIVE CONTENT OF THE GRAZING 
SHEEP'S DIET ON SUMMER AND WINTER RANGES 
OF UTAH l 
C. Wayne Cook and Lorin E. Harris2 
INTRODUCTION 
A PPROXIMATELY two million sheep graze the native ranges of 
Utah each year. These animals are on the range most of the 
year and their food supply must come from range plants as they 
are normally selected. The nutritive value of range forage is often 
borderline or deficient in essential nutrients, yet, sufficiently ade-
quate to prevent obvious physiological disorders. These mild 
deficiencies may affect the productive efficiency of the animal even 
though no symptoms are apparent. 
Considerable information has been presented on the nutritive 
value of cultivated crops and pasture herbage, but little IS known 
about the nutritive content of range forage. More information con-
cerning this problem is fundamental to a better understanding of 
range nutrition. To obtain this information, the actual composition 
of the grazing animal's diet must be known. 
. The chemical analysis of consumed material is an incomplete 
measure of nutritive value, yet, it is indicative of the approximate 
feeding worth of forage when interpreted in light of results of 
controlled digestibility trials which have b~en conducted with 
forages of similar nature. Such information can serve as a guide in 
developing sound management practices. Knowledge of the feed-
ing value of various plants and their contribution to the animal's 
diet at various seasons is extremely helpful in planning grazing 
operations and in predicting the type and quantity of feed required 
to supplement the native range during different seasons of the 
year. However, the basal range diet of the grazing animal must 
be known before even approximations can be made of the kind 
and amount of supplements that might be needed for various 
range types. In addition to knowing the nutritive content of the 
'The plant phases of the work reported herein were taken from the senior 
author's thesis which was submitted in partial fulfillment of the requirements 
of the degree of doctor of philosophy at A. and M. College of Texas. This 
investigation was supported in part by grants from Swift and Company, and 
International Minerals and Chemical Corporation. Report on project 260-
Purnell. 
:lAssociate professor of range management and professor of animal hus-
bandry, respectively. 
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diet and the efficiency of utilization, it is desirable to conduct in-
vestigations to determine the results of animal responses from 
added supplements before recommendations are made in order to 
ascertain whether or not such a practice is economically practical. 
The problem of evaluating the nutritive composition of the 
grazi.ng animal's diet is, indeed, a complex one. Most attempts 
have considered only the major forage plants and chemical analyses 
have been made only on the parts thought to be consumed or on 
bulk samples of plant material (8, 25, 26, 46, 49). In predicting 
the animal's diet approximate percentages of utilization and floristic 
composition of the range have accompanied the chemical analyses 
of the. range plants (16, 21.) 
The .percentage of each constituent in the diet is of importance 
in the development or prevention of nutritional disturbances in 
livestock. The quantity of forage may be adequate, yet, the ani-
mal's diet may be deficient in one or more essential constituents. 
:Many factors may operate to modify the nutritive composition 
of the diet. The variability of animal behavior presents a most 
difficult problem in the accurate determination of ingested material. 
Sheep select certain species and, likewise, show a preference for a 
particular portion of various plants. This display of preference 
may change quite markedly with season, plant association, intensity 
of grazing, external characteristics of the vegetation, weather condi-
tions, and various site factors. The type and amount of forage 
actually consumed are dependent upon the mass effect of all fac-
tors which may affect animal behavior under a given set of condi-
tions. 
Thus, accurate results can be obtained only through carefully 
planned and executed studies which consider both livestock and 
forage plants under normal conditions. Such studies provide in-
formation not only from the standpoint of the effect of the forage 
upon the livestock but also from the equally important viewpoint 
of the effect of livestock upon the forage. 
REVIEW OF LITERATURE 
T HE nutritive composition of forage species is important since 
range management is concerned with the welfare of the most 
desirable plants from the standpoint of maximum range forage 
and livestock prbduction. Plant species differ in their' inherent 
capabilities to absorb and synthesize substances that are of extreme 
importance to the nutrition of the grazing animal. 
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Chemical analyses alone are not direct determin~fi~ns of 
nutritive value of range plants, but they do provide a comparative 
measure and serve 'to show what constituents are deficient or 
present in excess. 
There are many references to the comparative chemical com-
position of forage classes and plant species within these broad 
groups (8, 12, 13, 14, 17, 25, 47). In many respects there is no 
general agreement. The chemical composition reported for the 
same plant group or plant species by various authors often differs 
so greatly as to make any real difference in composition highly 
controversial. These variations result from differences in stages of 
maturity, soil conditions, or general climatic conditions, as well as 
difference in collection technique and analytical procedure. 
It has been found that season of growth varies among different 
species, such as, cool-weather and warm-weather species. These 
may be decidedly different in chemical composition at a given 
date because of the stage of growth and duration of normal dor-
mancy (41). 
Some of the differences between species may be ascribed to 
relative amounts of leaf and stem normally produced. Leaves are 
materially higher in protein and minerals than are stems and the 
leaf-stem ratio varies with stage of growth (7, 17, 43). H-Owever, 
carefully planned investigations (13, 29, 48) have shown that 
different species or even varieties grown on the same soil and 
under the same climatic conditions display appreciabie differences 
in nutritive content even when harvested at comparable stages of 
development. Daniel (12) in Oklahoma, found that certain species 
were normally higp -in calcium and phosphorus even when grown 
on soils containing relatively low amounts of these minerals and 
plants normally low in calcium and phosphorus revealed -a low 
content of these minerals when grown in rich soils. 
Various investigators (3, 13, 22, 23, 27, 32, 33, 40, 45) have 
found that conspicuous changes in chemical composition take place 
from early growth until maturity. With advancing maturity, pro-
tein and phosphorus content decrease, crude fiber and nitrogen-
free-extract increase, and little or no change occurs in percent 
calcium. It has been found that chemical changes in the plant, 
resulting from advanced growth stages, are greater than those 
arising from any other factor (3, 45). 
In addition to growth characteristics, there are other factors 
that may operate to modify the nutritive content of rang~-forage 
plants. These include climatic influences, soil moisture, grazing 
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influences, and soil differences. These factors are interrelated and 
anyone factor may influence another. Thus; the nutritive composi-
tion of the forage is the result of the additive or mass effect of all 
factors operating simultaneously. 
Even a highly nutritious plant is of little value unless it is 
readily eaten by livestock. The palatability and abundance of the 
various species determine the botanical composition of the grazing 
animal's diet. The nutritive ' composition of the diet is determined 
by the 'nutrient content of the plants or portions of the plants 
actually eaten by the animals. It has been shown that sheep graze 
some species before others and that leaves of plants are generally 
preferred to stems. Furthermore, it has been found that the diet 
may be affected by season, vegetation composition, and intensity of 
grazing (9, 44). 
Of further importance in appraising the nutritive value of range 
forage is the amount of the plant constituents that is actually di-
gested by the animal. The apparent digestibility of a few range 
plants has been determined by controlled feeding experiments. 
Kennedy and Dinsmore (28) in Nevada, reported one of the earliest 
studies on digestibility of range feeds. This study suggested some 
of the benefits to be derived from digestion trials with range forage 
and, likewise, presented some of the undesirable features en-
countered in controlled feeding trials. More recent studies con-
cerned with digestibility trials reported similar problems and 
definite limitations to the application of the data (5, 25, 37, 42). 
The main obstacles were that animals did not eat the collected 
material with the same avidity as they generally would under 
natural range conditions. They often would not eat adequate 
amounts for even a maintenance ration. In addition, the chemical 
changes of plants during various stages of. development influenced 
the digestibility and further restricted the practical application of 
the data. 
METHOD AND PROCEDURE 
T HIS study was conducted during the years 1946, 1947, and 1948, on the mountainous ranges in northern Utah within the Cache 
National Forest and on the desert ranges in west-central Utah. The 
investigation was concerned with determining the botanical and 
nutritive composition of the sheep's diet on the open range in an 
effort to evaluate the factors affecting the diet and to predict nu-
tritional deficiencies. 
Fig. l. A typical . summer range area in northern Utah, showing general 
topography and vegetation types 
Description of the Areas Studied 
The mountainous range area (fig. 1) is typical summer range and 
is characterized by steep slopes and heterogeneous soils derived 
from limestone and dolomite formations. The chief vegetation 
types are aspen (Populus tremuloides) , which occupies the less ex-
posed north and east slopes, and sagebrush (Artemisia tridentata) , 
which occupies the more exposed south and west slopes, and hill-
tops. Aspen type covers about twice as much area as does sage-
brush type and produces about four times as much forage per unit 
area. These mountainous ranges receive an average annual precipi-
tation of approximately 30 inches, about 60 percent as snow and the 
remainder as rain during the spring and summer . 
. The desert range area studied receives an average precipitation 
of approximately 7 inches annually. Rains during the early spring 
and fall furnish about 60 percent of the annual precipitation and 
light snows during the winter months the remaining 40 percent. 
The general physical characteristics of this region include small 
plateaus, foothills of low mountain chains, and broad desert basins 
. (fig. 2). The soils are derived chiefly from dolomite and lime-
stone sedimentary rock. The salt content is high in some localities 
and varies with the topography and general soil characteristics of 
Fig. 2. A winter range area in west-central Utah showing the low foothills 
and broad valley basins 
the area. The vegetation consists mainly of saltbush and sage-
brush types of the northern-desert shrub formation. Dominate plant 
species covering extensive areas are shadscale (Atriplex conferti-
folia) , winterfat (Eurotia lanata) , and sagebrush (Artemisia triden-
tata) . Each type supports, in addition to the domiriants, various 
associated plants that are adapted to arid conditions. These plants 
produce most of their forage during the spring months and are 
forced into dormancy during cold winters, and hot and dry sum-
mers. 
Description of the Method 
The method used in determining the botanical and nutritional com-
position of the grazing sheep's diet has been termed the "before 
and after method" because it involves sampling the vegetation 'be-
fore grazing and again after grazing. This method is a new ap-
proach to the problem of evaluating the nutritive content of the 
sheep's diet under normal range conditions (10). Briefly, it con-
sists of collecting a predetermined number of plant "units" before 
grazing and a similar number after · grazing. Each plant species 
is sampled both before and after grazing and each sample is 
weighed and chemically analyzed. The difference in weight be-
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tween the before-grazing sample and the after-grazing sample 
serves as a measure of the forage actually eaten and the chemical 
composition after grazing subtracted from the analysis before graz-
ing serves as a measure of the nutritive content of the ingested 
forage. 
The application of the method is illustrated in table 1, which 
shows the calculation of the botanical and chemical composition 
of the grazing sheep's diet during a brief period on the desert 
range. 
In column 1 are shown the major plant species composing the 
range vegetation in terms of percent density or average square 
feet of normal cover occurring per 100-square-feet of land area. 
Column 3 shows actual weight of a plant unit as determined in the 
before-grazing sample. The percent of each species which is con-
sumed (column 7) is obtained by subtracting the dry weight of 
the after-grazing sample from the dry weight of the before-grazing 
sample and converting to percent of the before-grazing weight. In 
order to determine the percent that each species contributes to the 
diet, it is necessary to determine the weight of each species con-
sumed. This is accomplished by subtracting the weight in grams 
per 100-square-feet of the after-grazing sample from the weight 
in grams per l00-square-feet of the before-grazing sample for 
each species. Column 8 shows the same data expressed in percent 
of each species included in the sheep's diet. 
The grams of protein in the portion of the plants being con-
sumed are calculated by multiplying the dry weight of the before-
grazing sample by the percent protein in that sample to determine 
protein yield (column 10). In the same way the dry weight of 
the after-grazing sample is multiplied by its percent protein. The 
protein yield of the after-grazing sample is then subtracted from 
the protein yield of the before-grazing sample to give actual amount 
of protein consumed. The sum of these differences is divided by 
total herbage weight consumed to give actual percentage of protein 
in the diet. Thus, the percent of each nutrient in each species is 
weighted according to the percent of the diet actually contributed 
by that species. 
The phase of the study dealing with the botanical and chemical 
composition of the foraging animal's diet under summer range 
conditions was conducted between July 10 and September 15, 1946. 
Data were collected from two large range areas that were grazed 
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Table l. An illustration showing the method of calculation for botanical and 
Column no. 1 2 3 4 5 6 
Average 2x3 4xl 
Species density ° Units Average W t. per total Amoun.t 
and per 100 per wt. per sq. ft. wt. per con-
sample sq. ft. sq. ft. unit density 100 sq. ft. sumed 
sq. ft . 
Atriplex confe·rtifolia 
no. gms. gms. gms. gms. 
Before grazing l.3 406 .1231 49.98 65:0 
After grazing l.3 406 .0921 37.39 48.6 
Diff. (ingested) 16.4 
E urotia lanata 
Before grazing 3.2 212 .5264 11l.59 357.1 
After grazing 3.2 212 .3321 70.41 225.3 
Diff. (ingested) 13l.8 
Gutierrezia sarothrae 
Before grazing 2.4 602 .0946 56.95 136.7 
After grazing 2.4 602 .0854 5l.41 123.4 
Diff. (ingested) 13.3 
Sporobolus cryptandrus 
Before grazing l.7 16.7 3.443 574.98 977.5 
After grazing 1.7 16.7 2.843 474.78 807.1 
Diff. (ingested) 170.4 
Totals (ingested) 331.9 
Percent in diet 
°This represents normal ground cover of each species without artificial rearrangement of the 
by two separate sheep herds. These areas are typical of summer 
range conditions in northern Utah. 
Comparable studies were made on typical winter ranges be-
tween November 15 and April 9, 1946-47 and 1947-48. During the 
first winter data were obtained from three rather extensive areas 
involving four sheep herds. During the second winter the study 
was conducted on only one sheep allotment and with one small 
band of experimental sheep. 
All plant material was dried at normal room temperature, 
ground through a Wiley mill and stored in tightly stoppered con-
tainers. Later, the material was oven dried and chemically ana-
lyzed for crude protein (nitrogen x 6.25) , crud~ fiber, ether extract, 
ash, nitrogen-free-extract (by difference) , calcium, and phosphorus. 
All determinations were made according to methods reported by 
NUTRITIVE CONTENT OF SHEEP'S DIET 13 

















































































































the Association of Official Agricultural Chemists (4). As suggested 
by Norman (37) lignin and cellulose content were determined in-
stead of crude fiber and by difference other carbohydrates instead 
of nitrogen-free-extract. Lignin and cellulose were determined on 
all samples except those that were collected during the winter-
grazing season of 1946-47. Determinations were made according 
to the procedure outlined by Ellis et al. (15). 
All data have been calculated and presented on a moisture-free 
basis. 
RESUL TS AND DISCUSSION 
SINCE the desert-shrub formation of the Great Basin region in 
Utah includes two distinct vegetation types, saltbush-grass and 
sagebrush-grass, the results and discussion are presented by vegeta-
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Table 2. Average available forage, utilization, and composition of the diet 
for the winter grazing season of 1946-47 by species and forage 
classes 
Available Utiliza- Part 
Species forage tion by of diet 
per acre weight by weight 
pounds percent percent 
A1·temisia nova 14.9 43.51 11.45 
(black sage) 
Artemisia spinescens 0.9 52.67 .90 
(bud sage) 
At'l'iplex confertifolia 83.9 12.65 12.53 
( shadscale ) 
Chrysothamnus stenophylltls 52.1 20.52 11.31 
(yellow brush ) 
Ephedra nevadensis 7.5 0.63 .11 
(jointfir) 
Eumtia lanata 86.9 36.19 44.91 
( winterfat ) 
Grayia spinosa 0.5 47.07 .38 
( hop-sage) 
Gutierrezia sarothrae 5.5 12.14 1.08 
(snake weed) 
Lycium andersonii 0.1 
(desert thorn) 
T etradymia spinosa 3.2 -1.67 -.08 
( horsebrush ) 
Browse total average 255.5 24.44 82.59 
Agropyron spicatum 11.0 26.6·3 3.87 
(bunch wheatgrass) 
Aristida longiseta 0.2 5.45 .02 
(three-awn grass) 
Bouteloua graCilis 0.6 -0.17 .00 
(blue grama grass) 
Hilaria jamesii 10.2 23.82 2.49 
(galleta grass) 
Oryzopsis hymenoides 23.4 41.68 9.78 
( Indian ricegrass) 
SUanion hystrix 0.4 54.59 .30 
(squirreltail grass) 
Sporobolus cryptandrus 12.5 5.92 .95 
(sand drop seed ) 
Grass total average 58.3 26.14 17.41 
GRAND TOTAL OR AVERAGES 313.8 24.72 100.00 
Fig. 3. A desert-shrub area showing the saltbush type typical of Utah winter-
ranges 
tion types and years of study. Continuous sampling was carried on 
throughout the winter grazing seasons, 1946-47 and 1947-48, on 
saltbush ranges, whereas, only intermittent sampling was made on 
the sagebrush-range areas during the first year 1946-47. 
Saltbush Winter Range 1946-47 
Forage Production: The desert-shrub area studied during the 
grazing season of 1946-47 supported various species of saltbush 
shrubs and associated grasses (fig. 3) which produced an average 
of 313.8 pounds of moisture-free forage per acre (table 2). This 
represented only current year's growth of the forage species present. 
Browse produced 255.5 pounds per acre, whereas grass produced 
only 58.3 pounds. 
Utilization and Botanical Composition of the Diet: It was found 
that grass and browse had about the same percent utilization for 
the winter season, 24.7 percent and 26.1 percent, respectively (table 
2). However, there was a marked difference in the degree of 
preference shown among different species in both classes of forage. 
A forage plant may be highly preferred by a grazing animal 
and yet not be an important part of the diet because it is not 
abundant (table 2). Conversely, an abundant species may not be 
important in the diet jf it is not preferred by the animal. It was 
Table 3. Average percent of total forage production, utilizatio n, and composition of diet calculated by weight produced 
and consumed dUring the winter grazing season, November to May 1946-47 
Period 1 Period 2 Period 3 Period 4 Period 5 ....... 
Species Nov. 18-Dec. 20 Jan. 4-Jan. 14 Jan. 15-Jan. 27 Jan. 28-Feb. 9 Feb. 10-Feb. 16 0:> 
Prod. Util. Diet Prod. Uti 1. Diet Prod. Util. Diet Prod. Util. Diet Prod. Util. Diet 
Artemisia 2.5 40.7 3.2 C 
nova 14.9 46.8 18.7 2.2 56.9 4.6 4.6 49.4 12.6 I-j 
Artemisia ~ 
spinescens 1.3 66.2 2.5 :> Atriplex C') 
confertifolia 5.6 0.0 0.0 34.1 17.4 19.1 27.0 33.9 24.2 10.6. -3.7 -1.5 23.1 21.2 27.1 ~ 
C hrysothamnus ~ stenophyllus 9.4 20.9 5.9 24.8 37.9 24.3 15.1 24.6 13.9 30.2 19.9 33.8 
Ephedra I-j 
nevadensis 12.9 -1.4 -0.9 ~ 
Eurotia ~ 
lanata 77.0 68.7 98.3 42.9 45.7 59.8 64.9 31.0 77.0 13.8 1.2 1.7 ~ Grayia >< 
spinosa 1.2 10.0 0.7 '"tl tr1 
Gutierrezia ~ 
sarothrae 2.1 13.6 0.5 0.2 13.1 0.1 4.7 14.9 1.8 5.6 32.1 10.0 ~ 
Tedradymia tr1 
spinosa Z I-j 








gracilis 1.3 -6.3 -0.2 ~ 
Hilaria t"I 
jamesii 0.8 11.3 0.3 3.9 11.1 2.3 ~ 
Oryzopsis 52 
hymenoides 2.0 55.7 3.5 19.0 50.0 25.3 3.6 43.3 8.~ c.:> 
Sitanion ~ 
hystrix 0.1 50.0 0.1 0.4 48.4 0.5 1.1 65.3 4.1 
to 
Sporobolus 
cryptandrus 15.3 2.9 1.2 7.5 24.8 5.8 2.2 -10.9 -0.6 
Grass total 15.3 2.9 1.2 9.6 31.5 9.4 28.6 40.5 31.0 7.2 22.5 6.0 8.6 31.7 15.0 
Total 100.0 53.6 100.0 100.0 32.4 100.0 100.0 37.9 100.0 100.0 26.3 100.0 100.0 17.8 100.0 
Table 3. Average percent of total forage production, utilization, and composition of diet calculated by weight produced 
and consumed during the winter grazing season, November to May 1946-47 (Continued) 
Period 6 Period 7 Period 8 Period 9 
Species Feb. 7-Feb. 28 Mar. I-Mar. 14 Mar. 15-Apr. 8 Apr. 9-Apr. 25 
Prod. Util. Diet Prod. Util. Diet Prod. Util. Diet Prod. Util. Diet 
Artemisia 
nova 28.0 32.0 43.5 
Artemisia 
spinescens 2.2 25.7 6.1 
Atriplex 
confertifolia 31.2 n n 13.7 23.2 12.7 .1.4.6 43.6 -3.5 -16.9 51.1 20.9 45.8 0.0 Z C hrysothamnus S stenophyllus 6.4 -2.8 -2.4 19.0 '22.6 20.7 6.3 -15.9 -10.3 14.8 18.8 ll.8 
Ephedm ~ 
nevadensis 24.7 2.7 11.2 
~ Eurotia 
lanata 24.2 16.1 43.7 5.9 14.6 9.0 C1 
Grayia 0 
spinosa 4.4 45.0 8.1 z ~ 
Gutierrezia ttl 
sarothrae 0.1 7.0 0.1 12.1 10.7 12.4 2.3 -5.8 -0.5 z ~ 
Tedradymia 0 spinosa 6.3 5.9 3.4 ~ 
Browse total 86.6 6.2 66.3 70.2 23.1 78.8 76.4 0.7 3.7 72.6 21.1 65.2 en 
Agropyron ~ 
spicatum ll.5 12.0 7.1 6.1 28.2 18.0 ttl "'d 
Aristida CIl .. 
longiseta 0.8 5.5 0.5 tJ 
Routeloua M 
gracilis 0.9 12.1 0.5 ~ 
Hilaria 
jamesii 7.3 20.8 17.5 2.4 26.9 3.2 8.4 37.5 33.0 25.0 28.0 31.1 
Oryzopsis 
hymenoides 3.7 30.7 13.4 11.4 17.2 9.R 9.1 .51.9 45.3 2.4 34.3 3.7 
Sitanion 
hystrix 
Sporobolus ... cryptandrus 1.6 ll.7 2.3 3.6 3.5 0.6 -t 
Grass total 13.4 21.5 33.7 29.8 14.1 21.2 23.6 40.6 96.3 27.4 28.6 34.8 
Total 100.0 8.3 100.0 100.0 20.4 100.0 100.0 10.2 100.0 100.0 23.1 100.0 
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Table 4. Percent chemical composition of the important desert-range browse 
plants dUring the winter grazing season of 1946-47 based on the 
analysis of moisture-free current years growth 
Ether Total Crude Total Phos- Cal-
Species Season 0 extract protein fiber N.F.E. ash phoros cium 
Artemisia Early 9.61 8.64 32.23 44.20 5.32 .124 .75 
nova Mid 9.80 8.79 28.62 48.32 4.48 .144 .66 
Late 9.64 9.91 23.77 49.89 6.81 .153 .98 
Avg. 9.67 9.11 27.59 48.19 5.44 .142 .81 
Artemisia 
spinescens Early 4.75 9.79 33.63 41.97 9.86 .088 1.32 
Atriplex Early 3.10 8.42 30.43 42.25 15.82 .074 2.81 
confertifolia Mid 3.39 8.38 27.96 41.91 18.39 .072 2.78 
Late 2.61 9.32 23.69 45.52 18.85 .094 2.65 
Avg. 2.97 8.79 26.83 43.55 17.85 .082 2.73 
C hrysothamnus Early 11.85 6.56 25.82 49.97 7.80 .072 3.06 
stenophyllus Mid 8.97 7.49 27.02 46.72 9.82 .083 3.00 
Late 8.71 7.88 24.78 50.62 8.03 .107 2.49 
Avg. 9.32 7.52 25.70 48.88 8.59 .093 2.76 
Ephedra 
nevadensis Late 5.20 7.71 35.36 \ 46.54 5.20 .099 2.17 
Eurotia Early 4.04 9.15 28.83 37.60 20.40 .095 2.67 
lanata Mid 3.32 12.71 27.27 38.25 18.45 .104 2.72 
Late 3.85 10.49 30.33 41.44 13.90 .112 2.29 
Avg. 3.82 10.39 29.12 39.27 17.40 .103 2.53 
Grayia 
spinosaf Late 2.66 8.68 '42.38 40.46 5.82 .076 1.13 
Gutierrezia Early 10.28 7.38 28.93 47.54 5.89 .079 1.50 
sarothrae Mid 7.31 7.39 31.10 49.19 5.01 .057 1.50 
Late 9.56 6.89 29.76 48.76 5.04 .089 1.23 
Avg. 9.39 7.18 29.69 48.35 5.37 .078 1.39 
Tetradymia 
spinosa Mid 6.30 8.73 36.85 42.71 5.41 .143 .94 
Browse total Early 7.27 8.32 29.98 43.58 10.85 .089 2.02 
Mid 6.56 8.95 28.39 44.87 11.23 .092 2.13 
Late 6.07 8.70 30.87 45.73 8.63 .109 1.74 
Avg. 6.63 8.66 29.74 44.13 10.24 .100 1.75 
°Early season from November 18 to January 14, mid-season 
from January 15 to February 9, and late season from 
February 10 t? March 14. 
tSpring growth included. 
NUTRITIVE CONTENT OF SHEEP'S DIET· 
found that the seasonal diet by forage classes was almost directly 
proportionate to the amount of available forage produced by the 
respective forage classes. However, this relationship was not 
found when individual periods of the season were considered 
(table 3). 
Chemical Analysis of Plant and Nutritive Content of the Diet: 
Some species of plants differ in chemical content because of their 
inherent abilities to withdraw certain nutrients from the soil and 
concentrate them in their tissues. Still other species are confined 
to certain sites because of their habitat requirements and may, 
therefore, differ in nutrient content because of soil and environ-
mental differences. In addition, it appears that some species are 
less susceptible to losses of nutrients by leaching. 
The chemieal data for individual species, presented in tables 
4 and 5, were obtained by analysis of the 1946 growth only and did 
not include 1947 material after spring growth started except for 
hop-sage (Grayia spinosa). These values do not represent the 
portion of the plants consumed by the sheep since animals select 
the leaves and more tender twigs. However, these data serve as 
a measure of general trends ~ comparative levels of nutrients. 
Collections were not made at the same location each period, there-
fore seasonal trends and species differences include ·site variabilities. 
Shrubs were superior to grasses in protein and phosphorus content 
during all periods of the winter grazing season. Browse plants 
(table 4) contained almost twice as much protein and phosphorus 
as grasses (table 5) , and crude fiber, in most cases, was lower in 
browse than in grasses. Generally, browse forage contained about 
30 percent crude fiber, whereas grasses averaged about 35 percent. 
Thus, it is indicated that browse forage is of a better quality than 
grass forage on desert ranges in Utah. 
There appears to be little change in the nutritive value of winter 
range plants during the grazing season (tables 4 and 5). 
Some plants, such as squirreltail grass (Sitanion hystrix) 
generally begin growth in the fall and pass through the winter 
possessing some green growth. Other plants lose nutrients from 
normal shattering of seed and foliage during intermittent dry 
periods, and of course, weathering reduces the nutrient content of 
some species. The seasonal changes shown here represent site 
and soil variability as well as shattering and weathering effects. 
In addition to the nutritional qualities of various plants at 
different seasons and the comparative quantities of each species 
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Table 5. Pe'rcent chemical composition of the important desert grasses during 
the winter grazing season of 1946-47 based on the analysis of mois-
tme-free ctlfrent years growth 
Ether Total Crude Total Phos- Cal-
Species Seasono extract protein fiber N.F.E. ash phorus cium 
Agropyron 
spicatum Mid 2.32 2.92 40.57 44.58 9.62 .028 .67 
Aristida 
longiseta Late 1.26 3.72 36.97 44.25 13.80 .082 .51 
Boutelotla Mid 2.53 4.32 31.08 47.93 14.14 .053 1.86 
gracilis Late 2.14 4.26 31.58 44.65 17.37 .078 1.29 
Avg. 2.34 4.29 31.33 46.29 15.77 .066 1.58 
Hilaria Mid 1.41 4.29 32.18 47.18 14.94 .048 1.18 
jamesii Late 1.71 3.97 30.89 48.34 15.10 .075 .68 
Avg. 1.56 4.13 31.54 47.76 15.02 .062 .93 
Orysopsis Early 1.39 2.92 41.62 45.64 8.43 .026 1.40 
hymenoides Mid 3.02 4.26 37.42 45.58 9.72 .025 .91 
Late 1.86 3.86 38.62 45.73 9.93 .061 .73 
Avg. 2.00 3.75 38.98 45.68 9.59 .047 .90 
Sitanion Early 2.81 8.13 41.58 30.28 17.20 .070 1.53 
hyst·rix Mid 3.51 5.48 33.87 42.76 14.38 .064 1.49 
Late 2.02 6.48 34.12 42.20 15.18 .099 1.34 
Avg. 2.78 6.70 36.52 38.41 15.58 .078 1.45 
Sporobolus Early 2.21 4.75 37.27 38.17 17.62 .060 1.93 
cryptarulrus Mid 1.16 4.39 41.76 44.87 7.82 .037 .58 
Late 1.75 3.91 40.14 45.05 9.16 .062 1.26 
Avg. 1.81 4.34 39.31 42.26 12.28 .056 1.39 
Grass total Early 2.14 5.27 40.16 38.01 14.42 .052 1.62 
Mid 2.3.3 4.28 36.15 45.47 11.77 .043 1.12 
Late 1.79 4.37 35.39 45.03 13.42 .076 1.13 
Avg. 2.01 4.26 36.46 44.18 13.09 .060 1.29 
°Early season from November 18 to January 14, mid-season from January 15 to 
February 9, and late season from February 10 to March 14. 
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available to and eaten by sheep, the nutritive content of the graz-
ing animal's diet is influenced by local conditions such as soil 
characteristics and variable climatic conditions. 
During the winter grazing season of 1946-47 extensive sampling 
was done in three valley basins and three foothill ranges involving 
three large bands of sheep. The areas were sampled as the sheep 
normally covered the individual allohnents. Therefore, the diet , 
reflects local soil and environmental variability, as well as species 
differences and normal behavior of the animal. 
The chemical composition of the foraging sheep's diet during 
this season .as determined by the before-and-after method is pre-
sented in table 6. These data deal with saltbush-grass and winter-
fat types and the variability between periods' may be a result of 
any of the previously mentioned factors influencing the diet. The 
protein content of the diet was variable from period to period with 
no detectable seasonal trend. The type of forage consumed was 
the most important factor affecting the protein content of the diet. 
The last two periods included new spring growth for some species, 
consequently, the protein content was increased. Data for period·s 
4 and 6 represent winterfat (Eurotia lanata) areas which were high 
in protein content. 
According to the National Research Council (.36) bred ewes 
require 0.16 to 0.18 percent phosphorus in the diet. Thus, the 
phosphorus content of the diet (table 6) was deficient during the 
entire season with the exception of early spring when new growth 
was available. The average calcium-phosphorus ratio for the graz-
ing season was 25 to 1 which greatly exceeds the desired ratio. 
Many of the variabilities in dietary constituents as shown in 
table 6 can be explained by the differences in species available and 
by differences in utilization during the various periods presented in 
table 3. 
Sagebrush Winter Range 
During the winter grazing season of 1946-47 a limited amount 
of sampling was done on two sheep allotments in :Milford valley 
in central Utah to determine the chemical composition of the sheep's 
diet on sagebrush areas devoted to winter grazing. This range had 
a vegetation composition of 92.6 percent sagebrush (Artemisia 
tridentata) , 3.9 percent galleta grass (Hilaria jmnesii) , 2.3 percent 
yellowbrush (Chrysothamnus stenophyllus) , and 1.2 percent downy 
bromegrass (Bromus tectorum). The average moisture-free forage 
produced .per acre was 469.6 pounds. The botanical composition 





Period Ether Total Crude Total Phos- ~ 
Number Date extract protein fiber N.F.E. ash phorus Calcium > C) 
~ n 
1 .. Nov. 18 to Dec. 20 4.41 8.96 24.18 33.34 29.11 0.092 3.57 ~ 
2 Jan. 4 to Jan. 14 4.21 8.27 32.16 40.40 14.96 0.075 2.33 ~ 
~ 
3 Jan. 15 to Jan. 27 5.76 7.68 32.62 46.34 7.60 0.072 2.12 ~ 
~ 
4 0 Jan. 28 to Feb. 9 $.67 14.77 28.12 39.56 11.88 0.087 2.62 ~ 
~ 








7 Mar. 1 to Mar. 14 9.21 8.26 25.62 50.36 6.55 0.111 1.23 ~ 0 
Z 
8 Mar. 15 to Apr. 8 3.47 14.25 44.08 34.08 4.12 0.070 1.96 to 
~ 
9 Apr. 9 to Apr. 25 3.58 16.12 21.04 45.94 13.32 0.150 1.45 t"4 ttl 
I-l 
Weighted average 4.92 11.25 30.16 39.07 14.60 0.093 2.33 Z 
se 
~ 
°During these periods, sheep were on winterfat (Erotia lanata) areas that had a high protein content. During period 5 they were 
in foothills, because of lack of snow on the valley basins. 
Table 7. Percent chemical composition of big sagebrush (Artemisia tridentata) during the winter grazing season of 1946-47, 
based upon the analysis of current year's growth 
Carboh ydrates 
Ether Cellu- Total Phos-








C1 Nov. 18-Jan. 14 12.86 8.47 10.20 20.36 43.16 4.95 .176 .55 0 z 
t-l 
trl 
Mid z t-l 
Jan. 15-Feb. 9 12.91 11.69 10.61 18.21 40.70 5.88 .210 .59 0 
I'!j 
en 
Late = trl 






Mar. 15-Apr. 9 10.93 12.80 9.83 18.23 41.49 6.72 .251 .77 
t-l 
Seasonal average 12.09 10.70 10.35 19.17 41.91 5.78 .209 .61 
~ 
~ 
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of the diet consisted of more than 90 percent sagebrush at all times 
and since this species had a rather high content of nutrients and 
. minerals (table 7) during the entire season the chemical composi~ 
tion of the diet (table 8) was more favorable for a balanced ration 
Table B. Percent crude protein, phosphorus, and calcium in the foraging 
sheep's diet on winter range supportfng mainly sagebrush (Artemisia 
tridentata) dUring the grazing season of 1946-47 as determined by 
the before-and-after method 
Season Date Protein Phosphorus Calcium 
Early Nov. IB-Jan. 14 11.15 .153 1.75 
Mid Jan. IS-Feb. 9 12.80 .205 .61 
Late Feb. 10-Mar. 14 12.51 .208 0.92 
Spring Mar. IS-Apr. 9 16.34 .676 1.45 
Average 13.20 .311 LIB 
than that found on saltbush ranges (table 6). This, of course, as-
sumes that sheep do not tire of the sagebrush diet and that they 
consume adequate amounts for normal welfare and maintenance. 
The chemical content of the diet on sagebrush ranges was 
relatively high in both protein and phosphorus. These were present 
in suHicient quantity to cause the authors to doubt that a deficiency 
existed during the grazing season. 
Saltbush Winter Range 1947-48 
The winter range area studied during 1947-48 included two low 
foothill ranges and adjacent valley basins. Because the area studied 
was more restricted than in 1946-47, figures for the two seasons 
do not necessarily represent an annual variation. 
Forage Production: The area studied during the 1947-48 graz-
ing season produced an average of 514.2 pounds of moisture-free 
forage per acre (table 9) which included only current year's growth. 
Browse produced 329.1 pounds per acre, grasses 176.8 pounds, and 
Russian-thistle (Salsola Kali var. tenuifolia) 8.3 pounds. • This area 
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Table 9. Average available forage. utilization. and composition of the diet 
for the winter grazing season of 1947-48 by species and forage 
classes 
Available Part 
Species forage Utilization of diet 
per acre by weight by weight 
pounds pe'rcent percent 
Artemisia nova 14.0 43.2 5.0 
(black sage) 
Atriplex confertifolia 259.9 22.5 48.4 
( shadscale ) 
C hrysothamnus stenophyllu~ 25.9 38.5 8.2 
(yellow brush) 
Ephedra nevadensis 5.2 17.4 1.0 
(jointfir) 
Ettrotia lanata 9.9 17.0 1.3 
( winterfat ) 
Grayia spinosa 0.4 0.2 0.1 
( hop-sage) 
Gutierrezia sarothrae 13.8 23.1 2.6 
( snakewee<l ) 
Browse total average 329.1 24.3 66.6 
Aristida longiseta 6.5 27.4 1.5 
(three-awn grass) 
Bouteloua gracilis 26 .. 3 37.6 8.2 
(blue grama grass) 
Bromus tecto rum 1.3 16.0 0.2 
(downy bromegrass) 
Hilaria jamesii 42.2 14.6 5.2 
(galleta grass) 
Oryzopsis hymenoides 23.9 31.7 6.3 
(Indian rice grass) 
SUpa comata 4.1 38.9 1.3 
(needle and thread grass) 
Spombolus cryptandrus 71.3 17.6 10.4 
(sand dropseed) 
T riodia pilosa 1.2 25.2 0.2 
(hairy triodia) 
Grass total average 176.8 22.7 33.3 
Salsola Kali var tenuifolia 8.3 1.9 0.1 
( Russian-thistle) 
Grand total or averages 514.2 23.4 100.0 
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Table 10. Average percent of total forage production, utilization, and composition of diet 
to April 1947-48 
Period 1 Period 2 Period 3 
Nov. 2-Nov. 26 Nov. 27-Dec. 18 Dec. 19-Jan. 
Species 
Prod. Util. Diet Prod. Util. Diet Prod. Util. 
Artemisia 
nova 10.7 44.4 44.1 0.9 43.2 
Atriplex 
confertifolia 54.4 9.5 41.6 62.2 37.5 66.5 77.7 4.2 
Chrysothamnus 
stenophyllus 10.5 54.2 16.2 4.1 14.9 
Ephedra 
nevadensis 9.0 32.~ 
Eurotia . 
lanata 0.6 23.8 0.8 1.8 26.6 1.4 6.4 41.1 
Grayia 
spinosa 0.4 0.2 0.1 
Gutrierrezia 
sarothrae 5.0 0.0 0.0 2.4 26.3 1.8 1.9 30.3 
Browse total 71.1 13.8 86.6 76.9 39.2 85.9 100.0 10.1 
Aristida 




tectofUm 0.8 16.0 0.1 
Hilaria 




comata 0.1 56.5 0.5 
Sporobolus 
cryptandrus 3.7 -5.9 -1.9 20.1 19.5 11.1 
Triodia 
pilosa 0.8 25.2 1.1 
Grass total 22.3 10.1 12.7 23.1 21.3 14.1 
Salsola Kali var 
tenuifolia 6.6 1.9 0.7 
Grand total 100.0 12.2 100.0 100.0 35.1 100.0 100.0 10.1 
.. 
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calculated by weight produced and consumed during the winter grazing season, November 
Period 4 
13 Jan. 14-Feb. 3 I 
Diet Prod. Util. Diet 
3.8 
31.2 62.4 17.9 56.3 
5.9 1.1 39.7 2.1 
28.2 
25.4 
5.5 0.7 29.4 0.9 
100.0 66.0 19.9 59.3 
1.2 33.2 1.8 
6.7 10.4 3.2 
7.2 47.1 15.3 
18.9 24.3 20.4 
34.0 26.5 40.7 
100.0 100.0 22.1 100.0 
Period 5 
Feb. 4-Mar. 10 
Prod. Util. Diet 
48.8 13.4 40.8 
3.9 18.9 4.5 
5.9 -2.4 -0.9 
2.3 9.8 1.4 
60.9 12.2 45.8 
8.9 26.1 14.2 
5.1 -15.5 -4.9 
13.7 27.5 22.9 
6.7 35.4 14.6 
4.7 26.4 7.4 
39.1 22.7 54.2 
Period 6 
Mar. ll-Apr. 5 



















100.0 16.3 100.0 . 100.0 . 30.6 100.0 
Table 11. Chemical composition of the important desert-range browse plants during the winter grazing season of 1947-48 based t-O 
on the analysis of current year's growth for all specieso 
C/:J 
Ether Cellu- Other carbo- Total Phos- Crude c:: 
Species Season extract Protein Lignin lose hydrates ash phorus Calcium fiber N.F.E. 1-3 
~ 
Artemisia Early 12.56 7.31 13.69 21.22 40.32 4.90 .167 1.54 25.96 49.27 > nova Mid 8.21 8.91 14.82 25.02 34.61 8.43 .149 2.41 28.99 45.46 C':> 
Avg. 10.39 8.11 14.26 23.12 37.47 6.67 .158 1.83 27.48 47.37 ~ 
C"l 
Atriplex Early 1.6.5 6.66 13.33 24.92 33.60 19.85 .071 2.86 31.88 39.97 d t"' 
confertifolia Mid 2.08 6.57 15.91 28.10 30.63 16.72 .072 2.49 36.00 38.64 1-3 
Late 1.61 6.71 16.74 29.43 29.27 16.25 .083 2.38 36.63 38.81 ~ 
Avg. 1:78 6.6.5 15.33 27.48 31.17 17.61 .075 2.57 34.84 39.14 ~ 
t"' 
Chrysothamnus Early 6.36 5.32 16.01 27.45 38.86 6.00 .050 1.73 35.01 47.31 trj 
stenophyllus Mid 6.27 6.01 16.16 29.28 35.40 6.89 .069 2.13 32.44 48.40 >< ~ ~ 
Late 4.79 6.03 17.14 29.81 34.44 7.79 .092 2.50 33.74 47.65 tol 





nevadensis Mid l.'3.13 6.06 15.74 35.94 24.36 4.77 .078 1.37 32.20 43.84 Z 1-3 
Eurotia Early 2.45 8.97 13.52 35.40 28.77 10.40 .099 1.67 36.97 40.72 en 1-3 
lanata Mid 2.02 8.77 11.78 40.00 28.97 8.46 .096 2.1.'3 37.08 43.67 > 
Late 2.51 8.38 13.81 37.46 25.98 11.86 .096 2.35 36.03 41.22 1-3 ..... 
Avg. 2 . .'36 8.77 1.'3.16 37.07 28.11 10.28 .097 1.95 36.76 41.58 c Z 
Gutierrezia Early 14.60 .5.91 13.22 22.31 38.62 .5.35 .090 1.11 28.52 45.63 to 
sarothrae Mid 14 .. 54 6.75 14.53 30.80 28.00 5.39 .080 1.53 25.48 47.85 d t"' 
Late 12.01 6.44 15.01 30.87 30.89 4.79 .082 1.15 31.39 45.38 t"' 
Avg. 13.72 6.37 14.25 27.99 32 .. 50 5.18 .084 1.26 28.46 46.28 tol 1-3 ..... 
Browse total Early 7.52 6.83 13.95 26.26 36.14 9.30 .095 1.78 31.67 44.68 z c,o Mid 7.71 7.18 14.82 31.52 30.33 8.44 .091 2.01 .'32.03 44.64 ~ 
Late 5.23 6.89 15.68 31.89 30.14 10.17 .088 2.10 .'34.45 43.26 L\O 
Avg. 6.85 6.97 14.88 30.12 31.58 9.60 .094 1.96 32.20 44.38 
°Early season from Novemher 2 to December 18; mid-season from Decemher 19 to Fehruary 3; late season Fehruary 4 to April 5, 
Table 12. CJlemical composition of the important desert-range gra~s plants during the winter grazing season of 1947-48 based on 
the analysis of current year's growth for all specieso 
Ether Other carbo- Total Phos- Crude 
Species Season extract Protein Lignin Cellulose hydrates ash phorus Caldum fiber N.F.E. 
Aristida Z 
longiseta Mid l.29 2.50 9.88 48.45 30.37 7.51 0.051 0.32 4.3.29 45.41 c: ~ 
Bouteloua ~ ~ 
gracilis Late 1..34 4.57 8.28 32.40 29.16 24.27 .103 3.13 27.88 4l.98 ...... 
Hilaria Early l.04 3.91 9.13 33.46 38.94 13.54 .069 .56 3l.51 50.02 
~ 
jamesii Mid l.82 3.38 8.14 38.06 34.83 13.77 .056 .81 32.73 48.30 () 0 Late 1.45 3.72 8.51 38.90 34.27 13.15 .072 .82 32.46 49.22 Z 
Avg. l.36 3.73 8.68 36.55 36.25 13.43 .067 .71 32.13 49.35 ~ t%1 
Or!lzopsis Mid 2.48 2.50 9.84 44.06 33.16 7.96 .038 .41 42.3.5 44.71 ~ 
hymenoides Late l.16 3 .. 32 10.38 47.72 29.05 8.38 .053 .45 4l.72 45.43 0 
Avg. l.60 3.04 10.20 46.50 30.42 8.24 .048 .44 4l.93 45.19 "rj 
Sporoboltls Early .48 4.66 9.50 42.91 34.12 8.34 .079 .46 40.09 46.44 en ::t 
cryptandrtls Mid 1.58 4.00 9.68 47.81 29.56 7.37 .067 .42 43.21 43.84 tr1 
Late 1.02 4.00 8.93 50.10 27.06 8.90 .074 .53 42.30 43.79 tr1 "'C 
Avg. .91 4.26 9.31 46.76 30.39 8.37 . 074 .48 4l.60 44.86 en 
.. 
Stipa U 
comata Late 2.24 2.94 8.35 47.25 29.98 9.24 .070 .44 39.45 46.13 t;; 
~ 
Grass total Early .76 4.29 9.32 38.19 36.50 10.94 .074 .51 .35.80 48.21 
Mid 1.79 3.10 9.39 44.60 31.97 9.15 .053 ~49 40.40 4.5.56 
Late 1.44 3.71 8.89 43.27 29.90 12.79 .074 1.07 36.76 45.31 
Avg. 1.46 3.45 9.12 42.99 31.14 11.84 .069 .92 37.71 4.5.54 
o Early season from November 2 to December 18; mid-season from December 19 to February 3; late season from February 4 
to April 5. ~ CO 
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was better than the average winter range of west-central Utah and 
for this reason yielded more forage than the extensive area studied 
during 1946-47. 
Utilization and Botanical Composition of the Diet: During the 
1947-48 season it was again found that grasses and browse were 
utilized about the same (table 9), but the quantities of each on 
the range were somewhat different from those found in the previous 
year's study (table 2). Grasses during the 1946-47 season were 
only about a fifth as abundant as browse, whereas, on the present 
area they were more than half as abundant. It was found that the 
botanical composition of the diet was almost proportional to the 
abundance of each forage class and this was roughly true for each 
species. However, this was not found in any period for the grazing 
season of 1947-48 (table 10). This variability results from the 
differences in degree of use or preference shown for individual 
species. Some species were preferred on all areas, whereas others 
were extremely variable and reflected the influence of plant as-
sociation and intensity of grazing upon the selectivity displayed by 
animals under range conditions. 
Chemical Analysis of Plants and Nutritive Content of the Diet: 
Norman (37) suggested that crude fiber and nitrogen-free-extract, 
commonly determined. in proximate analysis of feeds , should be 
replaced by determinations of lignin, cellulose, and other carbo-
hydrates since experiments have shown that in some cases the 
digestibility of crude fiber may be equal to nitrogen-free-extract. 
In Norman's method the percentage of material unaccounted for 
in the carbohydrate fraction is reduced. The method gives a better 
index to un digestible material by including lignin wh,ich is not 
digestible. . 
All data dealing with chemical analysis for the grazing season 
of 1947-48 are presented in both the conventional and the modified 
methods of proximate analysis. The chemical composition of the 
important desert plants is presented in tables 11 and 12. These 
data show general seasonal trends and comparative values for the 
various species and classes of forage based upon the analysis of 
current year's growth for all species. Seasonal trends were not 
pronounced possibly because collections made at random over the 
range area in front , of the sheep as they normally grazed show 
variability not only from inherent differences and natural weather-
ing, but from site variability as well. 
The chemical composition of the diet for the winter grazing 
season of 1947-48 is presented in table 13. As shown by these data 
the average seasonal diet was lower in protein and higher in crude 
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fiber than the average seasonal diet for the winter grazing season 
of 1946-47 (table 6). This, in part, resulted from the lack of spring 
growth during 1947-48, which was present from March 15 to April 
. 25 during the first winter. However, if the spring growth periods 
are not considered for the winter grazing season of 1946-47, the 
nutrient content, particularly protein, was still lower during the 
second winter season, and was a result of lower protein content 
of the species in general and of the higher percentage of grass in 
the diet. The average content of grass in the diet during 1946-47 
was 17.4 percent as compared to 33.3 percent for the 1947-48 graz-
ing season. 
Grasses, during both years, were much lower in protein and 
phosphorus and much higher in crude fiber than were shrubs (tables 
4, 5, 11, and 12.) Therefore, an increase of grass in the diet neces-
sarily reduces the protein and phosphorus content and, likewise, 
increases crude fiber. The area studied during 1946-47 produced 
only 313.8 pounds of moisture-free forage per acre (table 2) as 
compared to the area studied during 1947-48, which produced an 
average of 514.2 pounds per acre (table 9). The latter area pro-
duced almost a fourth more browse per acre and about seven times 
more grass, yet, in some respects, yielded a nutritional diet much 
inferior to the area producing less forage, because of the increased 
consumption of grass. 
During the first three periods of the 1947-48 grazing season, 
browse made up more than 85 percent of the diet. Whereas, dur-
ing the last three periods browse made up less than 60 percent of 
the diet. This reduction of browse (table 10) brought about a 
corresponding decrease of protein (table 13). During the second 
period (table 10) black sagebrush (Artemisia nova) was absent 
from the range. This explains the low phosphorus content in the 
diet during this period. 
Increased consumption of browse might suggest an increased 
content of lignin in the diet. However, the selectivity for certain 
portions of the plant may counterbalance this, but close grazing 
may cause the animals to consume more lignified tissue than they 
would normally. It is believed that the rather heavy use of shad-
scale (Atriplex confertifolia) and yellowbrush ( Chrysothamnus 
stenophyllus) explains the high lignin content in the diet during 
period 2 (table 13). During period 3, jointfir (Ephedra nevadensis) 
made up 28.2 percent of the diet and was respobsible for the in-
crease of lignin since the plant possesses no foliage and the sheep 
consume the twigs, which are high in lignin. The lignin in the diet 
VJ 
t-o 
Table 13. Percent chemical composition of the foraging slleep's diet for the winter grazing season of 1947-48 as determined by the 
C 
!-oj 





Period Ether Total earbohy- Total Phos- Crude (") 
extract protein Lignin Cellulose drates ash phorus Calcium fiber N.F.E. ~ 




1 Nov. 2 to Nov. 26 7.59 7.21 7.22 12.36 41.08 24.54 0.117 1.12 28.96 31.70 t%j 
>< 
'"d 
2 Nov. 27 to Dec. 18 2.21 6.96 11.65 25.04 37.05 17.09 0.067 2.58 29.49 44.25 ttl ~ .... 
~ 
3 Dec. 19 to Jan. 13 5.23 6.71 12.54 34.97 31.04 9.51 0.150 2.94 29.18 49.37 ttl z 
!-oj 
4 Jan. 14 to Feb. 3 3.87 5.55 9.16 35.48 32.44 13.50 0.095 1.90 36.21 40.87 en !-oj 
> !-oj 
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was high during period 6 when many plants had lost substantial 
quantities of their leaves and seeds from shattering, and animals 
grazed more upon stems than in previous periods. 
The average seasonal diet (table 13) shows that phosphorus 
was deficient and was only about .50 percent enough to meet the 
recommended standards for pregnant ewes. The calcium to phos-
phorus ratio of 22 to 1 is considerably wider than the common 
standard of 2 to 1. However, Beeson et al. (6) found that sheep 
tolerated a 9.4 to 1 calcium-phosphorus ratio as long as calcium, 
phosphorus, and vitamin D were adequate, but they considered a 
more narrow ratio desirable. 
Crude Fiber Versus Lignin as an Index to Feeding Value: 
Cellulose and crude fiber, in most cases, were lower for browse 
than grasses (tables 11 and 12). Lancaster in his studies in New 
Zealand (31) found that crude fiber content of feeds by the proxi-
mate analysis actually contained much more cellulose than lignin, 
and cellulose was included in both the crude fiber and the nitrogen-
free-extract fraction. This suggests that crude fiber would not 
necessarily follow either the general trend of cellulose or lignin. As 
shown in tables 11 and 12 there was a seasonal relationship between 
lignin and crude fiber content in the two forage classes. However, 
when individual species were considered this relationship did not 
generally exist. The lignin content of all browse species was higher 
in all cases when compared with grass species. The seasonal aver-
age was 14.88 percent for browse and 9.12 percent for grass. How-
ever, crude fiber was generally higher in grasses than shrubs. The 
seasonal average was 32.2 percent for browse and 37.7 percent for 
grass. Since lignin, for the most part, is included in the crude fiber 
fraction, it might be supposed that as lignin increased crude fiber 
would tend to increase. This is not necessarily true because lignin 
is a comparatively small part of crude fiber and the extent of cor-
relation would depend upon the proportion of these constituents 
in the plants. In the case o~ browse, lignin constituted less than 50 
percent of the crude fiber value and in the case of grass less than 
25 percent. Thus, it is indicated that if lignin represents indigestible 
material then crude ~ber is not a reliable index to predict the feed-
ing value of range plants. In addition, crude fiber is largely com-
posed of cellulose which is rather readily digested by nlminants 
(31 ). 
Digestion Trials with Grazing Sheep: Chemical analyses are an 
indirect means of estimating nutritive value of range forage and can 
be interpreted only in light of results from actual digestibility trials. 
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Since digestion coefficients for a given forage plant seldom 
represent a constant value when the plant is consumed in various 
combinations with other plants, the logical approach in determining 
coefficients of digestibility for range forage can not be found in 
feeding individual range plants, but, rather, by determining the 
digestibility of the ingested material as it is selected by the animals 
on the range. It is common knowledge that sheep, when feeding 
naturally on the range, do not feed on one plant alone, but take por-
tions here and there from many different plants. 
Kennedy and Dinsmore (28) in their early work on digestibility 
of range forage found that controlled feeding experiments with 
native forage plants did not adequately measure the diet under 
normal range conditions. They found that sheep when fed under 
controlled conditions did not show the normal selectivity for 
plants or portions of plants and they frequently did did not eat 
adequate amounts for even . a maintenance ration. 
Studies in California (25), dealing with digestibility of range 
forage in the late stage of maturity under controlled feeding trials, 
showed negative values for cfl,Ide protein digestibility and the lambs 
ate only 1 pound of the forage daily, thus indicating a low palata-
bility of the collected material. McCall (33) studied digestibility 
of mature range grasses and range mixtures fed alone and with 
supplements and found that species differed in nutritive content 
and digestibility. In addition, mixtures and supplements affected 
the digestibility. 
These experiments demonstrate that the actual nutritive value 
of native forage is determined largely by the animal preference for 
certain plants and for certain portions of these plants. 
For this reason forage consumption and coefficients of digesti-
bility were determined on the range by the lignin ratio technique 
as proposed by Forbes and Garrigus (20) and Ellis et al. (15). It 
has been reported that lignin is resistant to digestion and is wholly 
recoverable in the feces (15). Thus, the lignin in the feces represents 
all of the lignin consumed in the forage. The feed intake was calcu-
I t d b h f II . f I 100 weight of lignin in feces a e y teo owmg ormu a: x -----;-. -:----:------,;---
percent lignin in forage 
weight of forage consumed. The percentage nutrient digestibility 
was determined by the following equation:' 
percent lignin in forage percent nutrient in feces 
100- ( 100 x t I' . ' . f x ) -percen Ignm III eces percent nutrient in forage -
percent digestibility of any specific nutrient. 
Fig. 4. Construction of feces bag 
and procedure for empty-
ing feces readily 
The procedure consisted of 
collecting feces in each per-
iod, ~xcept the first, durin~ 
the 1947-48 grazing season 
from wether lambs and year-
ling . Th se sheep were 
equipped with specially con-
structed feces bags (fig. 4) and 
allowed to graze with the 
herd. These bags were emp-
tied once a day and com-
posite samples for each graz-
ing period were chemically 
analyzed. Collections were 
started 4 days after the be-
ginning of each grazing per-
iod and continued until the 
close of the period. 
The periods and chemical 
composition of the diet are 
shown in table 13, and the 
pounds of dry matter con-
sumed and apparent digesti-
bility of nutrients are shown 
in table 14. The average con-
sumption of dry matter daily 
for an average wether weigh-
ing 91.2 pounds was 3.2 pounds and the average digestibility 
was 51.23 percent. This was less than the digestibility of nitrogen-
free-extract which was 56.24 percent. Other carbohydrates had an 
average digestibility coefficient of 63.98 percent compared to cellu-
lose which was only 54.94 percent. The digestibility of crude 
protein ranged from 52.5 to 26.9 percent with an average of 42.5 
percent for the grazing season. 
Other investigators (24, 33) working with digestibility trials 
on range forage, found figures somewhat lower in most cases. 
However, their experiments dealt only with mature forbs and 
grasses, and are not necessarily comparable to range diets includ-
ing a high content of browse. ' 
It was found that digestibility of dry matter and crude fiber 
(table 14) was inversely related to lignin content in the diet (table 
13). However, high crude fiber content in the diet (table 13) 
Table 14. The dry matter consu1Jwd daily and the apparent digestibility of nutrients found in the foraging sheep's diet as de-
termined by the "lignin ratio" technique 
Percent digested 
Co:) 
Sheep Dry Other T.D.N. Digstbl. 
O':l 
weight matter Dry Either Total Cellu- carbo- Crude N.F.E. Total in protein 
consumed matter extract protein lose hydrates fiber ash diet in diet c:::: 
~ 
pounds pounds percent percent percent percent percent percent percent percent percent percent ~ 
Period IIO > Sheep 1 i9.5 2.12 42.92 59.96 44.65 43.37 56.52 34.09 49.20 40.18 Gi 
Sheep 2 71.0 1.96 40.82 45.27 39.96 42.48 52.45 . 32.09 46.54 40.80 ~ Average 75.2 2.04 41.67 48.12 42.11 42.74 54.35 32.85 47.69 40.27 36.11 2.9·3 c: 
Period III t'" 
Sheep 1 80.5 3.08 40.58 77.71 44.12 49.73 51.57 29.76 50.06 16.73 
~ 
~ Sheep 2 75.0 3.34 41.32 78.01 42.03 51.35 52.77 31.10 51.18 6.93 > Average 77.7 3.21 41.12 77.96 43.22 50.68 52.32 30.65 50.84 14.41 46.12 2.90 t'" 
Period IV t'%j 
Sheep 1 91.5 3.00 53.33 75.28 44.86 62.25 66.06 58.70 54.12 33.73 >< ~ 
Sheep 2 86.5 2.97 54.21 77.55 44.78 63.77 66.73 59.94 55.22 32.94 t!1 
Sheep 3 92.0 3.19 55.17 77.09 48.47 67.87 65.07 60.18 57.27 31.90 !:Xl .... 
Sheep 4 89.5 3.03 52.81 75.96 41.02 62.57 65.87 59.33 54.05 29.75 ~ 
Average 89.9 3.05 53.77 76.36 44.71 64.06 65.77 59.43 55.07 31.91 53.16 2.48 t!1 Z 
Period V ~ 
Sheep 1 87.5 3.91 65.98 71.30 55.43 63.17 77.00 56.11 68.71 73.11 en ~ 
Sheep 2 89.5 3.78 64.81 6107 51.12 60.20 77.02 54.91 67.83 73.08 ~ Sheep 3 83.5 3,47 62.82 64.40 47.88 60.35 74.87 54.15 65.21 68.31 0 Sheep 4 122.0 3.61 63.43 59.01 55.04 53.34 77.47 51.51 66.44 72.82 
Sheep 5 120.0 3.19 63.64 54.95 53.20 55.10 77.54 54.57 65.75 72.67 
z 
to Average 100.5 3.57 64.15 62.19 52.47 58.48 76.78 54.26 67.05 72.01 49.72 2.86 c: 
Period VI t'" t'" 
Sheep 1 83.5 3.28 52.74 19.94 25.42 59.53 69.46 48.54 59.49 54.59 t!1 
Sheep 2 88.5 3.08 52.60 18.72 30.29 59.06 70.48 50.10 58.83 51.89 ~ .... 
Sheep 3 87.5 3.10 50.65 22.95 29.18 59.08 64.66 49.93 54.97 50.68 z 
Sheep 4 84.5 2.57 50.97 14.58 29.09 60.40 66.62 51.09 56.54 48.05 Co:) ~ 
Sheep 5 82.5 2.93 47.48 21.35 23.83 57.07 61.41 48.99 51.92 45.93 t-o 
Sheep 6 112.5 2.88 48.26 35.24 30.15 51.95 61.80 41.98 52.97 52.60 
Sheep 7 118.5 2.67 46.44 5.95 19.27 53.99 60.31 41.06 54.10 48.74 
Average 93.9 2.92 50.00 20.43 26.85 57.38 65.11 47.48 55.64 50.41 40.55 1.40 
Total wt. avg. 91.2 3.20 51.23 65.89 42.49 54.94 63.98 45.39 56.24 44.32 45.42 2.61 
• Pf.flPPS cp.rr~spon9 t<,> diet peri<,>ds in tflQl~ 1~. 
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did not appear to limit the digestibility of other constituents (table 
14). 
Patton and Gieseker (38) stated that lignin was not only indi-
gestible, but also that it decreased the digestibility of other con-
stituents by the mechanical effect of an indigestible encrusting 
material surrounding certain plant tissues. However, Lancaster (31) 
found that as lignin increased so did cellulose and crude fiber 
which suggested that each had the same inhibiting effect upon di-
gestibility. Such data dealt, primarily, with increased lignin, 
cellulose, and crude fiber accompanying maturity of plants and 
therefore, are not necessarily applicable to comparative diets of 
mature plants where these -fractions are not increasing. -
Phillips and Loughlin (39) found that the lignin content was 
an excellent basis for estimating the digestibility of energy and dry 
matter when applied to samples of the same species, but such a 
relationship between species differed widely and was o~ little 
-consequence in predicting digestibility of the various constituents. 
From the present study on winter ranges of Utah, there was 
some indication that lignin content of the diet did affect the di-
gestibility of various nutrients. However, there appears to be 
little or no relationship between lignin content of the diet (table 
13) and total digestible nutrients (table 14). Neither the cellulose 
to lignin ratio nor the crude fiber content showed any effect upon 
the availability of other nutrients in the process of digestion. 
The quantity and digestibility of cellulose and other carbohy-
drates are the important factors determining the total digestible 
nutrients (table 14). Thus, from the standpoiQt of total digestible 
nutrients in the diet, winter ranges with a high percentage of 
browse compared to grass might be considered inferior, since grass 
forage is considerably higher in cellulose. However, low protein 
and phosphorus content would still prevail in a diet high in grass. 
The total digestible nutrients were quite variable from period 
to period, as shown in table 14, ranging from 36.16 percent during 
period 2 to 53.20 percent during period 4. The increase of grass 
in the diet (table 10) was responsible for the increase of total 
digestible nutrients during periods 4 and 5 (table 14) and the ex-
tremely low digestibility of fat and protein during period 6 ac-
counted for the marked decline from 49.72 percent during period 
5 to 40.55 percent during period 6. 
The National Research Council (36) recommended an allow-
ance of 5$ to 60 percent total digestible nutrients in the diet for 
pregnant ewes. The native forage was deficient in meeting these 
requirements most of the season (table 14). 
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For ewes in gestation the National Research Council (36) 
recommends 5.5 to 6.0 percent digestible protein in the diet. These 
figures are considerably higher than the values for digestible protein 
presented in table 14. The range diet supplied only about one-
Table 15. Percentage composition of the grazing sheep's diet on saltbush win-
ter range 
Total Ether Crude N-free Phos- Cal-
. Year protein extract fiber extract Ash phorus d um 
percent 
1946-47 9.75 5.48 28.28 39.07 17.32 0.092 2.55 
1947-48 6.13 3.89 29.03 42.66 18.29 0.098 2.19 
Avg. 7.94 4.68 28.66 40.86 17.80 0.095 2.37 
Table 16. Phosphorus, digestible protein, and total digestible nutrient content 
of winter range forage on saltbush type range compared to the 
requirements of a 130 pou,nd ewe during gestation 
Winter range Pregnant ewe 
Item forage allowance 0 
percent percent 
Phosphorus .095 0.18 
Digestible protein 2.61 5.50 
Total digestible nutrients 45.42 57.50 
°National Research Council (36) converted to oven-dry allowance. 
half the protein requirement because of the low digestibility and 
limited quantity of protein in the available forage. 
From the analysis of the nutrient content of the foraging 
sheep's diet and the digestibility of these nutritive fractions , it is 
in.dicated that desert ranges, characterized by saltbush shrubs and 
associated g~asses , are deficient in phosphorus, protein, and total 
digestible nutrients (energy ). 
The average chemical composition of the grazing sheep's diet 
for the two winters, not including late spring regrowth, is shown in 
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table 15. From these data and results from digestibility trials, it 
was found that saltbush ranges of west-central Utah supplied only 
about 48 percent of the recommended (36) nutrient allowance of 
digestible protein, about 79 percent of the required total digestible 
nutrients, and about 53 percent of the recommended allowance of 
phosphorus (table 16). 
Supplementary Feeding Trials to Correct 
Forage Deficiencies 
Since recommended nutrient allowances for sheep production gen-
erally are based upon controlled feed-lot tests with domestic feed 
crops and include a margin of safety, it was believed desirable to 
determine by supplementary feeding tests whether indicated nu-
tritional deficiencies limited the productive efficiency of range 
sheep. 
In Utah the period of breeding and most of the period of 
gestation is the time when range herds are too frequently main-
tained under poor feed conditions. The production of a range 
ewe depends on ",hether or not she is kept in a vigorous, healthy 
condition. In California (35) it was found that low protein and 
low phosphorus normally found in the range forage must be supple-
mented if condition of the ewes were to be maintained and a high-
percentage lamb crop procured. In Arizona (30) it WflS observed 
that range ewes receiving a phosph,orus supplement were slightly 
heavier and produced about 10 percent more wool and a higher 
lamb crop than ewes receiving no supplement. Thus, supplements 
to correct range forage deficiencies have been shown to improve 
the productive efficiency of range ewes. 
This phase of the study was designed to compare live-weight 
gains, and wool and lamb production of range ewes when grazed 
on the open range and fed, in addition to the basal diet of range 
forage, supplements furnishing energy, protein, and phosphorus at 
various levels. A detailed report of these results will be published 
separately. 
Experimental animals were corraled every second night and 
fed a supplement. Each sheep was fed individually by means of 
portable individual feeding pens. . 
Results of these feeding trials have shown conclusively that 
animals maintain their weight throughout the winter better when 
they are fed supplements of phosphorus or protein, either singly or 
in combinations. Such supplements have also increased wool yield 
and lamb crop. These animal responses confirm the deficiences in-
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Table 17. Seasonal average available forage, utilization, and composition 
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dicated by chemical content of the diet and digestion trials. Supple-
ments composed primarily of energy at a high level gave favorable 
results but to a lesser degree in most cases. 
Thus a winter range supplement on saltbush type range should 
include protein, phosphorus, and some energy supplying feeds for 
optimum animal performance. It should be mentioned, however, 
that range supplements are not to be considered a substitute for 
good range management. Range areas that are now in good con-
dition, where livestock men are currently practicing good manage-
ment, are less apt to need supplements than areas where poor range 
exists and operators are making no attempt to improve conditions. 
The condition of the sheep, the amount and kind of forage on the 
range, and climatic conditions will determine when -and how much 
supplement should be fed. Adequate quantity of forage may be as 
important to animal welfare as is quality of forage. 
When desirable plants such as black sage, bud sage, winterfat, 
needle and thread grass, Indian ricegrass, and curly grass or galleta 
grass are abundant in their natural association, and livestock num-
bers are commensurate with forage production, supplements will be 
less beneficial. However, when these desirable plants are replaced 
by undesirable plants such as snake weed, yellowbrush, three-awn 
grass, and sand dropseed grass, the range is in poor condition and 
the need for supplements is greatly increased. The more abundant 
these plants become the poorer the range from the standpoint of 
palatable and nutritious forage. 
Summer Range 
Studies on the summer range were conducted on the high mountain-
ous area east of Logan, Utah, during the summer grazing season, 
July 10 to September 13, 1946. 
Forage Production: Unpalatable plants and species constituting 
less than 0.25 percent of the total vegetation on each area were 
not sampled. The total available moisture-free forage sampled 
averaged 1732.4 pounds per acre, which included 1228.2 pounds of 
grass, 252.9 pounds of forbs, and 242.3 pounds of browse (table 17). 
There was more available forage produced by stems than by 
leaves in the case of grass in all periods, whereas forbs produced 
more leaves early in the season and more stems late in the season. 
The browse leaves produced more forage than did stems in all peri-
ods during the season (table 18). 
Table 18. Available forage, percent utilized, and composition of the diet by class of forage and by parts of the plant as aDected by ~ 
season on the summer ranges of northern Utah l'O 
Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 c:::: 
JuI. lO-JuI. 25 JuI. 26-Aug. 4 Aug. 5-Aug. 14 Aug. 15-Aug. 24 Aug. 25-Sept. 3 Sept. 4-Sept. 13 ..., 
v v Q) Q) Q) Q) ~ 
Q) ::0 "tl ... ::0 "tl ... ::0 "tl ... ::0 "tl ... ::0 "tl ... ::0 "tl ... > t.O ~ Q) Q) ~ Q) Q) ~ Q) Q) ..$ Q) Q) ~ Q) Q) Q) Q) cd ... .~ ;.a ~ N ;.a .~ ;.a N ;.a ~ ;.a ..$ ~ ;.a C') .. \: '@ '@ '@ '@ .~ ~ .B cd S :g S 0. :> ...... :> ...... :> ...... :> ~ ...... :> :g ...... :> ...... ~ ~ ;:::l 0 cd 0 cd ;:::l 0 ~ 0 cd 0 ~ ;:: 0 C') ...... 
~ 0 ...... ... I:: ... I::Q) ... I:: I::Q) I:: ... ... ... I:: ... I:: ... I::Q) ... ... 0 \: Q) \: \: \: \: v \: \: Q) \: \: \: 
<I) Q)bO Q) Q) Q)bO Q) Q) Q)bO Q) Q) Q)bO Q) Q) Q)bO Q) Q) Q)bO Q) Q) 
..., 
~"tl t ~ e (.) (.) (.) ~ (.) (.) ~ e (.) (.) (.) cd (.) (.) ~ e (.) (.) (.) cd (.) (.) ~ .... .... ~El .. .... .. .. ~ El .... .... .... .... ~ El .... .... -\:cd Q) 0 Q) Q) Q) Q) Q) 0 Q) Q) Q) Q) Q) 0 Q) Q) Q) Q) 
U~o.. ~ ...... Pot ~ Pot ...... Pot ~ ~ ...... Pot Pot ~ ....... Pot Pot Pot ...... Pot ~ ~ ...... Pot Pot > 
t"' 
percent percent percent percent percent percent ~ 
Grasses >< 
Stems 41.0 12.4 22.5 46.9 13.6 27.0 51.1 3.0 10.5 60.8 2.5 10.2 58.6 18.4 39.7 54.5 5.9 15.9 ~ tf1 
Leaves 12.9 34.9 19.9 12.9 28.6 15.6 14.4 18.2 17.6 12.4 12.4 10.0 12.0 28.9 12.8 14.8 19.0 14.0 ~ 
Heads 11.1 11.2 5.5 12.4 37.6 19.7 12.7 28.1 24.2 ~ 
Total 65.0 16.9 47.9 72.2 20.4 62.3 78.2 . 9.9 52.3 73.2 4.2 20.2 70.6 20.2 52.5 69.3 8.7 29.9 tf1 Z 
Forbs ..., 
Stems 9.8 16.5 7.1 5.9 9.3 2.3 5.6 14.3 5.4 6.0 14.1 5.6 6.3 4.5 1.1 6.6 7.6 2.5 en 
. Leaves 12.7 57.6 32.4 6.8 65.5 18.9 8.8 54.4 32.2 6.7 78.1 34.6 5.2 63.3 12.1 5.7 83.5 23.6 
..., 
Heads 0.9 8.9 0.4 0.4 19.7 0.3 0.4 64.8 1.9 0.3 22.4 0.4 0.5 34.7 0.6 0.1 50.0 0.2 ~ ~ 
Total 23.4 38.5 39.9 13.1 38.9 21.5 14.8 39.4 39.5 13.0 47.4 40.6 12.0 31.3 13.8 12.4 42.7 26.3 0 
Browse 
Z 
Stems · 2.8 18.5 2.4 4.3 19.5 3.6 1.4 3.6 0.3 2.7 9.3 1.7 5.6 43.0 8.9 5.8 30.6 8.0 to 
Leaves 8.8 25.4 9.8 10.4 28.8 12.6 5.6 20.7 7.9 11.1 51.5 37.5 11.8 56.6 24.8 12.5 57.6 35.8 ~ 
Heads t"' tf1 
Total 11.6 23.8 12.2 . 14.7 26.1 16.2 7.0 17.4 8.2 13.8 43.2 39.2 17.4 52.2 33.7 18.3 48.0 43.8 
..., 
~ 
All forage Z 
Stems 53.6 13.5 32.0 57.1 13.6 32.9 58.1 4.1 16.3 69.5 3.8 17.5 70.5 19.1 49.7 67.0 7.9 26.4 CN ~ 
Leaves 34.4 40.9 62.1 30.1 37.0 47.1 28.8 29.7 57.7 30.2 41.5 82.1 29.0 46.4 49.7 33.0 44.7 73.4 l'O 
Heads 12.0' 11.1 5.9 12.8 37.0 20.0 13.2 29.3 26.0 0.3 22.4 0.4 0.5 34.7 0.6 0.1 50.0 -0.2 
Total 100.0 22.6 100.0 100.0 23.7 100.0 100.0 14.8 100.0 100.0 15.2 100.0 100.0 27.1 100.0 100.0 20.1 100.0 
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Utilization and Botanical Composition of the Diet: Preference 
displayed for certain species and for certain portions of plants was 
perhaps the most important factor affecting the diet in any given 
~rea. However, stage of growth, weathering, and relative abun-
dance · of forage species were of great importance. 
Stems during the first grazing period comprised 53.6 percent 
of the available forage, but only 32.0 percent of the diet, while 
leaves comprised 34.4 percent of the available forage, but 62.1 per-
cent of the diet (table 18). These comparisons were still more pro-
nounced during later grazing periods when there was a tendency 
for leaves to be increasingly preferred over stems with advance-
ment. of the grazing season. This, presumably, resulted from the 
normal growth and lignifying process in the stems which was evi-
denced by the increase in production of stems in proportion to 
leaves as the season advanced. 
The seasonal weighted-average use of summer range plants as 
shown in table 17 was only 19.7 percent, yet, the range was judged 
moderately grazed. This can be explained by the abundance of 
grass with only light use, whereas browse and forbs were more 
heavily used; but together they made up less than 30 percent of the 
total available forage. There was greater difference in the degree 
of use among the various species within the forage classes than be-
tween the forage classes themselves (table 17) and sheep preferred 
leaves over stems ,in all seasons and for all classes of forage (table 
18). There was a tendency for sheep to use browse species more on 
summer range as the season advanced, whereas the degree of l,lse 
of grass had a tendency to decrease. Forbs were used rather heav-
ily and constituted an important part of the diet throughout most 
of the grazing season. 
Chemical Analysis of Plants and Nutritive Content of the Diet: 
In addition to the variables occasioned by animal behavior, relative 
preference, and plant composition of the range forage, there are 
other important factors such as species differences, stage of plant 
growth, and variable site conditions which influence the nutritive 
content of the grazing animal's diet. 
Species have characteristic nutritive composition (table 19), 
yet the variation in chemical values owing to advancement of 
growth (table 20) is greater than that between species. 
Fagan and Milton (18) stated that the composition of grasses 
varied with season largely because of change in the stem-to-Ieaf 
ratio. As shown in table 18 the stems increased in weight in greater 
proportion than did lea~es for all classes of forage. This accounted 
for part of the seasonal decrease in protein and phosphorus and, 
Table 19. Average percent chemical composition of the imlJortant summer-range plants for the grazing season of 1946, based t upon analysis of current years growth for all species 
Carbohydrates C ..., 
Species and Ether Cellu- Total Phos- Cellulose to ~ 
part of plant extract Protein Lignin lose Other ash phorus Calcium Jignin ratio > C) 
percent Z! Bromus carinatus ~ Stems 1.21 2.61 11.59 36.37 44.08 4.14 0.19 0.20 3.14 
Leaves 5.15 9.63 8.35 32.85 36.14 7.88 0.23 1.09 3.93 
..., 
Heads ~ 
Entire plant 2.06 4.72 10.70 36.46 41.37 4.69 0.21 0.37 3.41 ~ 
Elymus glaucus t%j 
4.78 11.94 47.lO 30.lO 4.62 0.18 ~ Stems 1.40 0.19 3.94 ~ 
Leaves 6.30 14.lO 9.40 32.55 28.14 9.51 0.34 0.73 3.46 ~ 
Heads Z! 
Entire plant 2.34 7.32 11.25 42.98 30.62 5.49 0.23 0.33 3.82 ~ ~ 
AVERAGE GRASSES 
Z ..., 
Stems 1.31 3.70 11.71 43.33 35.57 4.38 0.19 0.20 3.70 rJ) 
Leaves 5.73 11.87 8.89 - 32.59 32.22 8.70 0.29 0.91 3.67 
..., 
> Heads ..., 





Achillea lanulosa 0:; 
Stems 1.02 3.36 15.08 43.47 31.26 5.81. 0.19 0.57 2.88 ~ Leaves 5.41 12.37 13.04 24.56 32.34 12.28 0.32 1.48 1.88 t"" 
Heads 6.48 10.41 13.85 29.06 31.39 8.81 0.35 0.89 2.10 ~ ..., 
Entire plant 3.62 8.12 13.33 34.33 32.12 8.48 0.27 0.92 2.58 .... Z 
Aster fremontii ~ Stems 1.50 5.32 13.14 32.50 41.70 5.84 0.73 0.91 2.47 t-o 
Leaves 4.76 12.21 9.20 V3.51 48.59 11.73 0.51 1.60 1.47 
Heads 2.43 8.18 10.01 24.00 47.91 7.47 0.35 0.98 2.40 
Entire plant 3.13 9.11 10.22 21.55 47.15 8.84 0.57 1.26 2.11 
Table 19. Average percent chemical composition of the important summer-range 1JZants for the grazing season of 1946, based 
upon analysis of ctlrrent yea', s growth for all species (Continued) 
Carbohydrates 
Species and Ether Cellu- Total Phos- Cellulose to 
part of plant extract Protein Lignin lose Other ash phorus Calcium lignin ratio 
Descurainia californica percent Z c:: 
Stems 1.30 4.34 15.99 45.25 28.61 4.51 0.20 0.76, 2.83 I-l !:l:l 
Leaves 7.58 20.15 9.06 27.03 26.50 9.68 0.59 2.07 2.98 .... I-l 
Heads ~ 
Entire plant 2.40 7.24 14.70 41.92 28.19 5.55 0.28 1.01 2,85 ttl 
H elianthella uniflora C1 0 
Stems 0.95 2.83 12.28 38.91 40.02 5.01 0.17 1.03 3.17 Z 
Leaves 6.49 9.81 8.65 16.44 46.12 12.49 0.40 2.86 1.90 I-l ttl 
Heads 6.07 10.71 7.92 19.43 46.38 9.58 0.34 1.97 2.45 z 
Entire plant 4.33 7.36 9.98 25.67 43.27 9.39 0.31 2.03 2.57 I-l 
0 
Lathyrus leucanthus "11 
Stems 1.25 9.66 15.20 39.06 37.37 7.46 0.18 0.60 2.57 en 
== Leaves 3.97 21.06 12.51 21.63 30.64 10.19 0.27 1.87 1.73 ttl 
Heads ttl 
"1:1 .. 
Entire plant 2.80 16.12 11.90 29.21 30.90 9.07 0.22 1.31 2.45 {IJ 
Lithospermum ruderale tJ t;i Stems 1.82 4.22 9.01 32.32 39.47 13.16 0.25 2.14 3.59 I-l 
Leaves 5.61 10.43 8.41 11.19 37.45 26.91 0.41 5.93 1.33 
Heads 
Entire plant 4.02 7.96 8.73 20.11 38.12 21.06 0.34 4.43 2.30 
Lupinus caudatus 
Stems 1.33 6.34 10.78 38.65 37.91 4.99 0.10 1.00 3.59 
Leaves 2.55 15.70 4.58 23.94 42.95 10.28 0.15 3.28 5.23 
Heads 
~ Entire plant 2.15 12.39 6.61 28.82 41.49 8.54 0.14 2.54 4.36 Cll 
Table 19. Average percent chemical composition of the imp ortant summer-range plants for the grazing season of 1946, based 
upon analysis of current year's growth for all speciesies (continued) 
Species and 





























































Lignin lose Other 
percent 
10.78 36.67 40.04 
8.44 10.53 54.56 
9.83 25.89 46.25 
10.99 16.12 37.92 
12.06 27.31 32.20 
12.79 40.63 36.01 
8.69 16.63 43.48 
10.13 
10.95 31.21 37.69 
13.23 37.33 36.26 
5.94 12.78 47.96 
9.80 25.67 41.71 
11.16 39.65 34.46 
6.81 14.24 44.64 




































Calcium lignin ratio 
0.74 3.40 




































Table 19. Average percent chemical cOlnposition of the important summer-range plants for the grazing season of 1946, based 
upon analysis of current year's growth for all species (continued) 
· Carbohydrates 
Species and Ether Cellu- Total Phos- Cellulose to 
part of plant extract Protein Lignin lose Other ash phorus Calcium lignin ratio 
A VERAGE FORBS percent 
Stems 1.17 4.48 12.60 38.81 35.90 7.04 0.27 0.97 3.08 
Leaves 4.90 14.10 8.85 16.88 41.72 13.55 0.45 2.48 1.91 Z 
Heads 4.56 10.36 11.00 20.58 45.61 7.89 0.38 1.21 1.87 Q Entire plant 2.96 9.36 10.49 27.75 38.85 10.59 0.35 1.79 2.65 
~ 
Amelanchier alnifolia >-l 
I-< 
Stems 3.19 6.29 20.44 30.88 34.23 5.06 0.16 1.53 1.5!9 ~ 
Leaves 5.61 12.74 14.94 16.91 41.21 8.59 0.51 2.16 1.13 
t!j 
Heads (J 
Entire plant 5.1-9 11.64 15.90 17.30 ~2 . 03 7.94 0.45 2.04 1.09 0 Z 
Pntnus demissa >-l t!j 
Stems 2.87 8.18 24.24 26.98 32.85 4.88 0.19 1.47 1.11 Z 
Leaves 5.45 ' 15.02 12.47 12.38 43.93 10.75 0.44 2.55 0.99 >-l 
Heads 0 
Entire plant 4.93 13.95 14.86 15.44 41.26 9.56 0.39 2.35 1.04 
~ 
en 
Symphoric(l1'pos vaccinioides ::x: 
Stems 1.79 3.93 21.19 36.79 33.35 2:95 0.14 0.83 1.74 t!j t!j 
Leaves 5.43 11.08 8.32 20.97 49.02 5.18 0.35 1.54 2.50 '"C .. 
Heads Vl 
Entire plant 4.42 9.14 11.72 24.21 45.94 4.57 0.29 1.37 2.07 tJ 
AVERAGE BROvVSE t;1 
Stems 2.62 6.32 20.57 31.05 35.14 4.30 0.16 1.19 1.51 
>-l 
Leaves 5.50 13.04 12.33 16.59 44.37 8.17 0.39 1.99 1.35 
Heads 
Entire plant 4.85 11.58 15.01 19.13 42.07 7.36 0.33 1.80 · 1.27 
A VERAGE ALL FORAGE 
Stems 1.70 4.91 14.96 37.73 35.46 5.24 0.20 0.19 2.52 
Leaves 5.35 13.13 10.02 22.02 40.34 9.14 0.37 1.79 2.20 
Heads 4.56 11.37 10.38 29.77 36.03 7.89 0.33 0.78 2.87 t+;.. 
Entire plant 3.34 9.06 12.16 29.26 38.50 7.68 0.30 1.31 2.41 
~. 
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Table 20. Percent chemical composition of the important summer-range 1)lants during the 
Earl' season 
Species July 10-August 4 
and 
part of plant Phos-
Protein phorus Calcium Lignin Cellulose Protein 
Agropyron subsecundum 
Stems 6.42 0.24 0.20 10.67 50.56 
Leaves 16.99 0.33 0.74 7.99 32.49 
Heads 12.88 0.36 0.27 9.25 45.54 
Entire plant 9.57 0.28 0.31 9.92 46.27 
Bromus carinatus 
Stems 3.26 0.20 0.20 10.55 23.90 2.67 
Leaves 11.44 0.23 0.95 7.19 36.54 9.48 
Heads 10.88 0.31 0.35 7.46 33.36 11.18 
Entire plant 6.25 0.23 0.35 9.28 28.41 4.88 
Elymus glaucus 
Stems 5.37 0.16 0.22 11.81 48.47 4.56 
Leaves 15.37 0.37 0.66 8.44 30.50 14.47 
Heads 17.51 0.43 0.27 7.90 30.25 19.42 
Entire plant 8.84 0.24 0.31 10.65 42.83 7.16 
All grass 
Stems 5.02 0.20 0.21 10.99 40.98 3.62 
Leaves 14.60 0.31 0.78 7.87 33.18 11.98 
Heads 13.76 0.37 0.30 8.20 36.38 15.20 
Entire plant 8.22 0.25 0.32 9.95 39.17 6.02 
Achillea lanulosa 
Stems 4.09 0.23 0.64 14.49 42.70 3.21 
Leaves 14.49 0.38 1.35 9.37 23.33 12.83 
Heads 14.07 0.44 0.80 12.33 28.30 12.99 





Entire plant 10.59 
Aster adscendens 
Stems 4.08 0.20 0.82 13.34 38.85 
Leaves 13.47 0.42 1.68 9.66 16.71 
Heads 12.06 0.39 1.34 11.58 20.16 
Entire plant 9.14 0.27 1.24 11.50 26.90 
Aster fremontii 
Stems 5.52 1.87 0.87 12.23 31.38 4.30 
Leaves 12.92 0.59 1.43 7.02 13.61 12.93 
Heads 9.20 0.37 0.80 9.43 23.90 7.81 
Entire plant 9.65 1.00 1.11 8.33 21.53 8.80 
o Averages for forage classes are not weighted by abundance on the range, but are weighted 
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summer grazing season of 1946, based upon analysis of current year's growth for all species 
Mid-season 
August .5-August 24 
Phos-
Late season 
August 25-September 13 
Phos-
phorus Calcium Lignin Cellulose Protein phorus Calcium Lignin Cellulose 
0.18 0.19 11.32 39.74 1.90 0.18 0.20 12.95 45.47 
0.22 1.04 8.03 35.38 7.97 0.23 1.24 9.82 26.63 
0.34 0.25 8.47 52.24 
0.21 0.36 10.46 38.97 3.02 0.18 0.39 12.37 42.00 
0.20 0.16 11.01 43.55 4.42 0.19 0.20 13.00 49.27 
0.34 0.83 8.98 31.06 12.45 0.32 0.70 10.78 36.09 
0.46 0.28 7.98 27.54 
0.24 0.27 10.51 39.74 5.95 0.21 0.40 12.58 46.38 
0.19 0.18 11.16 41.64 3.16 0.18 0.20 12.98 47.37 
0.28 0.94 8.50 33.22 10.21 0.28 0.97 10.30 31.36 
0.40 0.27 8.22 39.89 
0.23 0.32 10.48 39.36 4.49 0:20 0.40 12.48 44.19 
0.21 0.48 13.49 43.04 2.79 0.12 0.60 17.26 44.66 
0.34 1.44 18.87 24.34 9.78 0.25 1.65 10.90 26.01 
0.41 1.00 12.27 25.66 4.18 0.19 0.88 16.94 33.23 
0.30 0.87 12.45 33.52 6.23 0.18 1.00 15.19 36.31 
0.15 0.55 14.42 42.36 4.05 0.17 0.84 16.28 46.18 
0.70 1.33 11.58 16.14 18.09 0.71 1.73 8.81 13.83 
0.39 0.67 12.83 25.90 8.22 0.28 0.97 13.58 28.02 
0.46 0.99 12.89 26.89 11.34 0.45 · 1.30 12.40 29.21 
4.64 0.13 0.82 10:29 34.78 
11.77 0.42 1.19 8.68 15.96 
12.00 0.46 0.76 7.94 19.95 
9.38 0.33 0.80 8.93 24.11 
0. 16 0.86 12.79 32.73 6.13 0.16 1.01 14.40 33.39 
0.48 1.41 7.75 12.91 10.78 0.47 1.97 12.82 14.01 
0.36 0.96 8.67 22.96 . 7.52 0.33 1.18 11.93 25.13 
0.36 1.09 9.04 21.48 8.89 0.35 1.59 13.28 21.65 
by proportion of stem, leaf, and head present. 
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Table 20. Percent chemical composition of the important summer-range plants during the 
Early season 
Species July 10-August 4 
and 
part of plant Phos-
Protein phorus Calcium Lignin Cellulose Protein 
Agastache articifolia 
Stems 5.00 0.18 0.75 10.76 38.79 4.78 
Leaves 13.99 0.32 2.10 9.44 13.25 16.01 
Heads 11.56 0.42 1.34 15.59 20.86 12.56 
Entire plant 9.07 0.25 1.33 10.53 27.55 9.51 
Balsamorhiza sagittata 
Stems 3.96 0.47 2.51 8.65 32.51 2.85 
Leaves 13.43 0.47 3.91 5.94 13.89 7.04 
Heads 










Entire plant 13.90 
Descurainia californica 
Stems 6.42 0.31 0.65 13.98 39.50 3.24 
Leaves 25.05 0.73 2.89 5.80 37.40 18.94 
Heads 
Entire plant 10.97 0.41 1.19 11.97 38.97 6.37 
H elianthella uniflora 
Stems 3.35 0.19 1.08 11.51 36.28 2.80 
Leaves 13.42 0.49 2.61 7.63 13.38 10.23 
Heads 12.16 0.39 1.58 6.13 16.98 12.28 










Entire plant 7.57 
Lathyrus leu canthus 
Stems 10.28 0.20 0.55 13.89 36.35 9.65 
Leaves 22.81 0.29 1.81 9.07 21.90 20.44 
Heads 
Entire plant 17.70 0.26 1.30 11.00 27.61 16.32 
\) Averages for forage classes are not weighted by abundance on the range, but are weighted 
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Table 20. Percent chemical composition of the important summer-range plants during the 
Early season 
Species July 1O-August 4 
and 
part of plant Phos-
Protein phorus Calcium Lignin Cellulose Protein 
Lithospermum ruderale 
Stems 5.72 0.29 2.45 9.38 29.66 3.65 
Leaves 13.32 0.38 4.71 10.05 10.06 10.14 
Heads 
Entire plant 10.53 0.34 4.11 9.98 17.91 7.75 
Lupinus caudatus 
Stems 7.71 0.14 0.82 10.79 39.12 6.05 
Leaves 17.95 0.19 2.75 4.32 25.03 15.11 
Heads 
Entire plant 14.90 0.18 2.23 6.11 29.00 11.82 
Orthocarpus luteus 
Stems 4.87 0.52 0.74 10.33 33.95 3.83 
Leaves 13.57 0.79 1.48 10.19 9.07 10.27 
Heads 
Entire plant 9.17 0.67 1.08 10.26 20.83 6.37 
Osmorhiza occidentalis 
Stems 4.38 0.24 0.85 14.07 40.66 3.46 
Leaves 14.06 0.55 3.75 11.82 18.25 11.94 
Heads 
Entire plant 7.03 0.32 1.62 13.41 34.65 8.31 
Phacelia heterophylla 
Stems 3.60 .330 1.34 12.57 35.25 
Leaves 12.72 .769 4.76 10.60 14.45 
Heads 
Entire plant 8.57 .566 3.19 11.48 24.03 
Senecio serra 
Stems 3.05 0.20 0.76 11.41 40.33 3.36 
Leaves 13.75 0.53 1.96 6.68 15.55 12.84 
Heads 12.94 0.57 1.12 7.71 23.06 , 10.43 
Entire plant 7.64 0.37 1.31 9.06 28.24 8.21 
Thalictrum fendleri 
Stems 4.66 0.35 0.75 12.40 35.28 4.48 
Leaves 18.19 0.46 1.36 5.66 12.09 15.33 
Heads 
Entire plant 11.34 0.40 1.04 9.12 23.96 10.25 
Polemonium albiflorum 
Stems 3.92 0.41 0.80 10.14 39.49 5.02 
Leaves 17.47 0.57 1.74 5.56 13.33 16.08 
Heads 
Entire plant 13.00 0.50 1.43 6.67 23.33 10.81 
o Averages for forage classes are not weighted by abundance on the range, but are weighted 
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summer grazing season of 1946, based upon analysis of current year's growth for all species 
Mid-season Late season 
August 5-August 24 August 25-September 13 
Phos- Phos-
phorus Calcium Lignin Cellulose Protein phorus Calcium Lignin Cellulose 
0.25 2.10 8.33 32.34 3.29 0.22 1.86 9.33 34.96 
0.45 6.51 7.54 10.50 7.83 0.40 6.58 7.63 13.01 
0.37 4.86 7.73 18.68 5.59 0.31 4.31 8.48 23.74 
0.09 0.98 10.40 37.14 5.27 0.07 1.19 11.15 39.68 
0.14 3.30 4.22 23.04 14.05 0.12 3.80 5.20 23.75 
0.13 2.58 6.15 27.49 10.46 0.10 2.82 7.56 29.98 
0.42 0.71 10.05 36.28 3.13 0.38 0.77 11.95 39.79 
0.40 1.30 4.82 9.85 8.93 0.38 1.47 10.31 12.67 
0.41 1.03 7.80 25.67 4.66 0.38 0.97 H.43 31.18 
0.13 1.36 13.49 40.27 
0.53 3.84 11.38 17.26 10.68 0.64 4.10 9.77 12.84 
0.41 3.06 12.99 33.45 10.68 0.64 4.10 9.77 12.84 
0.16 1.00 12.03 39.87 3.54 0.20 0.87 14.93 41.68 
0.45 2.18 5.81 15.86 12.86 0.41 2.65 13.59 18.47 
0.45 1.28 9.63 26.09 9.41 0.26 1.49 13.06 
0.29 1.55 9.38 30.94 7.20 0.31 1.57 14.40 34.46 
0.44 0.78 12.84 37.52 4.14 0.44 0.77 14.45 39.19 
0.65 1.70 6.08 12.96 15.00 0.68 2.05 6.09 13.29 
0.55 1.26 9.30 24.59 8.66 0.54 1.30 10.97 28.46 
0.34 0.66 10.98 39.60 5.02 0.30 0.78 . 12.37 39.86 
0.50 1.96 6.32 13.72 15.70 0.43 2.19 8.55 15.68 
0.43 1.32 8.32 2.5.94 8.76 0.35 1.28 11.04 31.54 
by proportion of stem, leaf, and head present. 
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Table 20. Percent chemical composition of the important summer-range plants dU1'ing the 
Early season 
Species July 10-August 4 
and 
part of plant Phos-
Protein phorus Calcium Lignin Cellulose Protein 
~ 






Stems 4.73 0.38 1.02 11.73 36.88 4.31 
Leaves 15.66 0.50 2.52 8.05 16.99 13.45 
Heads 12.00 0.43 1.16 10.66 13.02 10.92 
Entire plant 10.62 0.42 1.79 9.74 26.05 9.18 
Amelanchier alnifolia 
Stems 6.44 0.16 1.57 20.14 30.50 5.59 
Leaves 12.59 0.44 2.18 16.20 17.48 12.02 
Heads 
Entire plant 11.67 0.39 2.07 16.81 19.62 11.12 
Prunus demissa 
Stems 7.86 0.20 1.48 25.90 26.49 8.45 
Leaves 16 . .17 0.42 2.40 15.15 12.86 15.54 
Heads 
Entire plant 14.97 0.34 2.14 18.18 17.10 14.47 
Purshia tridentata 
Stems 7.70 0.14 0.78 23.94 26.44 
Leaves 14.49 0.18 1.32 16.00 16.27 
Heads 
Entire plant 12.54 0.17 1.16 18.45 19.28 
S ymphoricarpos vacci1]ioi des 
Stems 3.99 0.15 0.98 20.92 36.14 3.95 
Leaves 11.81 0.39 1.38 8. ~9 31.99 11.17 
Heads 
Entire plant 9.85 0.33 1.28 11.37 33.10 9.55 
.'\11 browse 
Stems 6.50 0.16 1.20 22.72 29.89 6.00 
Leaves 13.77 0.36 1.82 13.88 19.65 12.91 
Heads 
Entire plant 12.26 0.31 1.66 16.20 22.28 11.71 
All forage 
Stems 5.44 0.25 0.80 15.12 35.95 4.62 
Leaves 14.74 0.38 1.66 9.88 23.33 12.88 
Heads 12.88 0.40 0.73 9.43 24.70 13.06 
Entire plant 10.41 · 0.32 1.23 11.92 29.21 8.95 
o Averages for forage classes are not weighted by abundance on the range, but are weighted 
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summer grazing season of 1946, based upon analysis of current year's growth for all species 
Mid-season Late season 
August 5-August 24 August 25-September 13 
Phos- Phos-
phorus Calcium Lignin Cellulose Protein phorus Calcium Lignin Cellulose 
11.85 0.15 1.49 12.68 33.57 
21.65 0.22 1.69 7.59 19.84 
17.61 0.20 1.61 9.70 25.54 
0.22 1.02 11.78 38.51 4.88 0.21 0.96 13.59 39.75 
0.42 2.50 7.64 15.61 13.25 0.42 2.49 9.86 17.34 
0.42 1.21 10.66 22.86 8.96 0.31 1.15 11.51 24.70 
0.32 1.92 9.36 26.68 8.79 0.32 1.75 11.54 29.13 
0.15 1.54 19.94 31.38 6.57 0.16 1.47 21.25 30.77 
0.49 1.96 14.47 17.20 13.61 0.60 2.33 14.14 16.05 
0.44 1.89 15.29 19.25 12.12 0.51 2.15 15.59 13.04 
0.18 1.44 22.68 28.05 8.24 0.19 1.50 24.13 25.41 
0.43 2.35 11.72 12.35 13.35 0.48 2.90 10.53 11.94 
0.39 2.23 13.44 14.81 12.42 0.43 2.67 12.95 14.40 
7.15 0.11 0.78 25.35 31.09 
12.59 0.15 1.89 15.88 16.91 
10.47 0.14 1.46 19.61 22.43 
0.14 0.75 21.58 36.96 3.86 0.13 0.78 21.06 37.26 
0.34 1.41 9.30 15.88 10.26 0.31 1.83 7.48 15.04 
0.30 1.26 11.60 16.81 8.03 0.25 1.47 12.18 22.73 
0.16 1.24 16.03 32.13 6.46 0.15 1.13 22.95 31.13 
0.42 1.91 11.09 15.14 12.45 0.39 2.24 12.01 14.99 
0.34 1.79 13.76 16.96 10.76 0.33 1.94 15.08 18.15 
0.19 0.80 13.16 37.58 4.66 0.17 0.76 16.59 39.66 
0.38 1.78 9.30 21.39 11.78 0.36 1.93 10.89 21.34 
0.41 0.74 9.44 31.38 8.17 0.19 0.88 12.27 33.23 
0.30 1.32 11.41 27.96 7.82 0.28 1.38 13.14 30.62 
by proportion of stem, leaf, and head present. 
Table 21. Stage of growth for the more important summer-range plants by seasons for interpreting the effect of advancement of 
growth upon chemical composition as presented in table 20 
Species Early season Mid-season Late season 
Agropoyron subsecundum Pollination to early dough 
Bromm carinatus Pollination to late dough Early seed shattering Late seed dissemination 
Elymus glaucus Dough to late dough Early seed shattering Late seed dissemination 
Achillea lanulosa Full Hower pollination Late Hower Late seed dissemination 
Agastache urticifolia Full Hower Late Hower 
Aster adsecendens Full Hower Late seed dissemination 
Aster engelmanni Late Hower Late seed dissemination 
Aster fremontii Full Hower Late Hower Late seed dissemination 
Balsamorhiza sagittata Full seed formation Seed dissemination 
Castilleja linariaefolia Early fruit formation 
Delphinium barbeyi Early seed formation 
Descurainia californica Full Hower Full seed formation Late seed dissemination 
Geranium fremontii Full Hower 
H elianthella uniflora Full to late Hower Early seed dissemination Late seed dissemination 
I-lieracium scouleri Full Hower 
Lathyrus leucanthus Early fruit Fully developed pods Late seed dissemination 
Lithospermum ruderale Early- fruit Late seed formation Late seed dissemination 
Lupinus caudatus Full Hower Most pods developed Late seed dissemination 
Orthocarpus luteus Full Hower Full seed formation Late seed dissemination 
Osmorhiza occidentalis Early se~d formation Seed dissemination Post seed dissemination 
Phacelia heterophylla Late Hower 
Senecio serra Full Hower Full seed formation Seed dissemination 
Thalictrum fendleri Fun Hower Early seed formation Late seed maturity 
Polemonium albiflorum Succulent growth Full Hower Full seed formation 
Vicia americana Full pod formation 
Amelanchier alnifolia Early fruit Fruit mature Fruit dried and shriveled 
Prunus demissa Early fruit Fruit partially mature Late fruit maturity 
Purshia tridentata Early seed Seed dissemination 
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likewise, the increase in lignin and cellulose since stems are lower 
in protein and phosphorus and higher in lignin and cellulose than 
leaves (table 20). However, there was a general trend for both 
stems and leaves to decrease in both protein and phosphorus, and 
to increase in lignin as the season advanced. Leaves differed from 
stems in seasonal changes in cellulose content, since leaves showed 
little or no change with advancement" of season, whereas stems 
showed a decided increase. 
The grazing season and plant collections did not start with 
early growth stages of the forage species, as shown in table 21. 
For this reason, seasonal changes are not as marked as reported by 
other investigators (3, 13, 23, 27, 32, 40, 45). 
There was an orderly decline of protein for all classes of forage 
from the beginning of the grazing season until grazing ceased (table 
20). Browse had the highest protein content at all seasons and grass 
had the lowest. The protein content of forbs was intermedjate, but 
much higher than grass and approached the level of browse. 
The phosphorus content of both grasses and forbs decreased as 
the season advanced, whereas the phosphorus content of browse 
had a slight tendency to increase. Grasses were decidedly lower in 
phosphorus than either forbs or browse during all seasons (table 20). 
Some studies (11, 19, 40) report th~t calcium decreased as the 
plants approached maturity, whereas others (2~, 34) report that cal-
cium increased with advanced stages of development. As shown 
by the data in table 20 there was no seasonal trend for calcium 
content in either grass or forbs, but browse showed a general in-
crease with seasonal advancement, ~hich agrees with reports by 
other investigators "(23, 46). Browse and forbs had almost 5 times 
more calcium than did grass and a calcium-phosphorus ratio of 5 
to 1 as compared to 1 to 1.1 for grasses (table 19). 
In most cases, there was an increase of both lignin and cellulose 
in all species as the plants matured (table 20). Browse had the 
highest content of lignin and the lowest content of cellulose, where-
as grass had the highest content of cellulose and a comparatively 
low lignin content. Forbs were intermediate in cellulose and com-
parable to grass in lignin (table 19). 
From the viewpoint of nutritive content, it appears that forbs 
and browse were superior to grass except for cellulose which was 
decidedly higher in the latter. Cellulose may represent a consider-
able portion of the energy fraction available for ruminants because 
of the bacterial digestion of cellulose within the rumen. Browse 
forage compares rather favorably with forbs on the basis of chemi-
Table 22. Percent chemical composit'ion of the foraging sheep's diet for the summer grazing season of 1946 as determined by CIl 
the bef01'e-ancl-after method 00 
c:::: ..., 
:> 
Period Ether Carbohydrates Total Phos- ~ 






1 Jul. 10-Jul. 25 2.85 13.41 9.13 3l.75 33.61 9.25 .365 l.52 ~ 
~ 
~ 





C'l Aug .. 5-Allg. 14 3.61 1.8.63 6.83 27.46 3.'3.80 9.67 .469 0.89 "'" .) t'j 
Z ..., 
en 
4 Aug. 15-Aug. 24 4.91 15.87 8.92 20 .. '39 . 39.44 10.47 .527 l.93 ..., :> ..., 
1-4 
0 




8.99 34.85 .257 l.05 
t-' 






Seasonal average 4.13 14.17 10.04 26.66 35.69 9.31 .368 l.38 
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cal analysis of current year's growth with the exception that browse 
has a higher lignin content in both stems and leaves. 
Probably, a diversified plant cover is preferable to a single 
forage class from the standpoint of a balanced ration over an ex-
tended period of time. 
Some reports (1, 2) have suggested that animals display a fine 
sense of discrimination between good and deficient forages and nor-
mally do not eat forages deficient in minerals as long as food is 
available with sufficient mineral content. This did not appear to be 
the case with native range plants, since sheep avoided some species 
that were high in phosphorus, whereas some plants that were de-
cidedly deficient in phosphorus content were used heavily (tables 2, 
4, and 5). Although there was no indication of mineral deficiencies 
on summer range, there was no relationship between mineral con-
tent and preference. The same was true of other nutrient fractions. 
While most palatable species (table 17) were relatively high in nutri-
tive content (table 19), species less palatable were in many cases 
higher in desirable nutrients. 
The chemical composition of the diet varied from period to 
period as shown in table 22, and for the most part, the range fur-
nished adequate nutrients for the foraging animals throughout the 
summer grazing season. There was a slight increase in protein and 
phosphorus during periods 3 and 4 (table 22) which was brought 
about by the increased preference for leaves over stems (table 18). 
The content of lignin in the diet was decidedly higher during peri-
ods 5 and 6 because of increased use of browse stems (table 18) and 
the normal increase of lignin in plant material (table 20). 
Comparisons of the chemical constituents actually calculated 
in the diet by the before-and-after method and comparative chemi-
cal constituents determined from current year's growth are shown in 
table 23. These illustrate how the selective behavior of sheep for 
the more nutritious parts of the plant, accounts for the reduced 
variability or lack of seasonal trend in the chemical content of the 
diet as compared to the chemical content of current year's growth. 
These data show that the chemical content of plants has general 
trends as the season advances, whereas the constituents in the diet 
may not vary or may have the same trend to a lesser degree. Pro-
tein, phosphorus, calcium, and ether extract were decidedly higher 
in the diet than in the plants, whereas lignin and cellulose were 
higher in the plants compared to the diet. This further emphasizes 
the importance of sheep preference for certain portions of the plant 
in determining the nutrients actually ingested under range con-
ditions. 
Table 23. Percent chemical composition calculated for the material actually ingested by the grazing animal as compared to the 
percent chemical composition of the current year's growth, weighted by percent of available forage and percent in 
the diet, for forage classes during the summer grazing period July 10 to September 13, 1946 
Forage class Ether Carbohydrates Total Phos-
and season o extract Protein ash phorus Calcium 
~ 
Lignin Cellulose Other 0 
Grasses e Early Diet 2.49 12.51 7.80 31.85 37.64 7.71 0.244 0.462 .., 
Current growth 2.08 7.79 9.91 36.62 38.10 5.50 0.239 0.333 > 
Mid Diet 3.24 15.35 7.47 32.28 32.62 9.04 0.615 0.337 =: 
Current growth 2.26 6.56 10.56 38.98 36.58 5.06 0.227 0.310 ;> 
Late Diet 2.94 8.74 11.91 43.44 26.12 6.82 0.293 0.774 GJ ~ Current growth 2.27 5.45 12.53 46.62 27.84 5.29 0.206 0.393 
~ Average Diet 2.83 12.20 9.34 36.46 31.51 7.66 0.371 0.524 Current growth 2.21 6.52 11.04 40.55 34.43 5.25 0.223 0.344 g Forbs 
Early Diet 6.30 17.81 8.88 20.34 34.04 12.63 0.345 2.497 > 
Current growth 4.28 12.90 10.44 27.16 34.48 10.74 0.340 1.768 t'" 
Mid Diet 4.15 18.38 6.34 18.48 40.77 11.88 0.375 2.280 t'%j 
Current growth 3.12 12.56 10.06 27.60 36.40 10.26 0.305 1.541 ~ ~ 
Late Diet 4.30 17.22 9.94 14.70 43.55 15.12 0.328 2.338 to:! 
Current growth 3.09 11.09 12.79 30.96 33.30 8.77 0.262 1.541 ~ 
Average Diet 4.90 17.80 8.14 18.10 39.36 12.99 0.349 2.371 s:: to:! Current growth 3.51 12.25 10.98 28.42 34.85 9.99 0.305 1.618 z 
Browse ~ 
Early Diet 3.90 13.18 13.20 27.01 37.83 4.88 0.307 1.634 en 
Current growth 4.21 11.19 14.94 28.86 35.71 5.09 0.272 1.419 
.., 
> 
Mid Diet 6.00 13.16 11.03 14.89 46.35 8.57 0.710 1.637 
.., 
.... 
Current growth 5.12 10.94 12.19 18.48 46.38 6.89 0.378 1.685 0 
Late Diet 6.27 12.58 16.66 18.39 42.06 6.71 0.334 1.830 z 
Current growth 6.06 11.02 17.50 18.60 40.60 6.22 0.273 1.732 to 
Average Diet 5.78 13.29 14.65 19.04 41.92 6.85 0.450 1.700 ~ 
Current growth 5.29 11.04 15.29 21.36 40.92 6.10 0.303 1.634 t'" to:! 
All forage ::j 
Early Diet 3.80 14.10 8.9) 27.81 36.67 8.72 0.278 1.280 z 
Current growth 2.74 9.13 10.68 33.94 37.16 6.35 0.261 0.728 
~ Mid Diet 4.25 16.75 7.85 22.71 38.37 10.07 0.499 1.407 
Current growth 2.68 7.85 10.66 35.28 37.56 5.97 0.254 0.623 
Late Diet 4.43 11.66 13.34 26.98 35.30 8.29 0.308 1.466 
Current growth 3.04 7.12 13.45 39.02 31.49 5.88 0.225 0.771 
Average Diet 4.18 14.17 10.40 26.81 36.28 8.92 0.361 1.384 
Current growth 2.82 7.96 ' 11.62 36.19 35.36 6.05 0.246 0.703 
°Seasonal dates are as follows: Early season July 1O-August 4; m :d-season August 5-August 24; and late season August 25-Septem-
her 13. 
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CONCLUSIONS 
A LARGE percent of the land in Utah is devoted to livestock graz-. ing and since most of this area can be used economically in no 
other way than by grazing animals, information on the forage value 
and its seasonal variation is of great importance for the most effi-
cient and economical" use of this vast area. 
Studies on both summer and winter ranges showed that browse 
plants in all cases were higher in protein, calcium, phosphorus, and 
lignin than grasses which were higher in crude fiber and cellulose. 
Forbs were not generally present on winter ranges, but on summer 
ranges they were abundant and comparable to browse in nutritive 
content. The nutritional value of forage was considerably higher 
on summer ranges than on winter ranges. 
The chemical content of desert forage plants changed only 
slightly from the time sheep arrived on the winter range, in N ovem-
ber, until spring growth appeared in NIarch or April. This suggests 
that most of the effects of leaching or normal translocation of nutri-
ents has taken place previous to the beginning of the winter grazing 
season. 
The results" of this study emphasize the importanc'e of animal 
behavior in determining the actual nutrient content of the diet since 
sheep select largely leaves and tender stems, rejecting the more 
fibrous parts of the plant. Consequently, analysis of bulk samples 
of current year's growth may indicate deficiencies that do not exist. 
Animal preference for certain types of forage was an important 
factor affecting the nutrient content of the diet. An increased per-
centage of grass in the diet reduces the protein and phosphorus but 
constituents having a high energy value are increased. Thus, from 
the standpoint of a balanced ration a diversified plant cover would 
be more desirable than a single forage class. 
The nutritive content of the diet and apparent digestibility 
values for saltbush winter ranges of west-central Utah indicate that 
sheep would benefit from protein, phosphorus, and energy supple-
ments. This was confirmed by responses of animals fed supple-
ments to correct these forage deficiencies. 
The chemical content of the foraging sheep's diet on winter 
ranges indicated that sagebrush ranges were superior to saltbrush. 
However, sheep may tire of a high percentage of sagebrush in the 
diet and fail to consume adequate amounts to meet their normal 
nutritional requirements. 
Summer ranges of northern Utah furnished adequate nutrients 
for the normal requirements of sheep throughout the season with 
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the possible exception of late fall , when some nutrients were border-
line. This borderline deficiency was not considered serious and did 
not indicate the need of supplements on this type of range. Seasonal 
changes in the chemical content of summer range plants showed 
that protein and phosphorus generally decreased for all forage 
classe~; whereas crude fiber, lignin, cellulose, and other carbohy-
drates increased. Browse plants fluctuated least in chemical compo-
sition during the season and grass fluctuated the greatest. These 
changes were affected by both changes in the stem-leaf ratio and 
changes in the chemical content of the plant parts themselves. 
Lea ves for all forage classes were higher in either extract, protein, 
phosphorus, and calcium; whereas stems were generally higher in 
lignin, cellulose, and crude fiber. 
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APPENDIX 
Table 24, A list of scientific and common names of imp01tant summer-range 

















H elianthella uniflora 
Hieracium scoulet'i 















Bearded wheatgrass ' 
Mountain bromegrass 
Blue wild rye 
Vvestern yarrow 
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Table 25, A list of scientific and common names of imp01'tant desert-mnge 









Sitanion hystr'ix . 


























Shadscale or saltbush 
Yellow brush 
J ointfir or Brigham tea 
Winterfat or white sage 
Hop-sage 
Snake weed 
Horsebrush 
